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VERSUS FIXED-PACEO CONDITIONS AND C2I IN GROUP SETTINGS VERSUS 



ISOLATED SETTINGS* AT BOTH GRADE LEVELS* THE HIGH-ASILITY STUDENTS 
PERFORMED SUPERIOR TO L0H-A8ILITY STUDENTS* GROUP SETTINGS LEO 70 
SLOWER* SELF-ADOPTED WORM RATES AND LOWER PROGRAM ERROR RATES THAN 
DID THE ISOLATED SETTINGS* HOWEVER* SETTING HAD NO RELIABLE EFFECT 
ON POST-TEST OR RETENTION SCORES* THE SELF-ADOPTED WORK RATES HERE 
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TO PERMIT EFFICIENT LEARNING* REMEDIAL COURSES OF ACTION WERE 
SUGGESTED* IT WAS RECOMMENDED THAT FUTURE RESEARCH BE DIRECTED 
TOWARD DETERMINING THE GENERALITY OF UN0ERACH2EVEMENT RESULTING FROM 
MALADAPTIVE SELF-PACING STYLES* AND TOWARD DEVELOPING TECHNIOUSS TO 
REMEDY SUCH STYLES, f JCI 
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FOREWORD 



The research reported in this volume vas conducted under a greint from 
the U* S, Department of Health, Education, and Welfare, Office of Education, 
under Title VII, the Nationca Defense Education Act of 1958, Project Ho. 1314, 
Grant No. 7-48-7670-262. Data analyses vere partially s^jQpported National 
Science Foundation grants (No. GP-2091 and Kd. G-11309) to the Universilgr of 
Pittshurg^ C(mg)uting Center. 

The author is Indebted to numerous people for their cooperation and par- 
ticipation in this project. Mr. Clair Cogan and Dr. Mer!#in iiimffiler of the 
Pittsburg City Schools and Sister M. Rosalie of the Diocesan Schools of 
Pi>ttsbur^, as well as the staff and students of several schools, gave generous- 
ly of their time and effort to make the study possible. Anita Csujko, Margaret 
Saarayfi, wd Zita Glasgow assisted in the preparation of programmed materials. 
Bet^y l^nney coordinated the administrative details of the study. Drs. George 
Gropper and David Klaus provided advice oad guidance both in the execution of 
the research and the preparation of this report. 
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Tbis study was concerned *^ith the effects of ttltemate pacing strategies 
for administering programmed instruction to various types of students. Spe» 
cific comparisons were made of both low and high ability students working 
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versus isolated settings. Ihese comparisons were made both at Srades 6 and 12 
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At both grade levels it was found that: (l) The performance of high- 

ability students was superior to that of low-ability students; (2) Tae group 
setting led to s lower » self-adopted work rates and lower program error rates 
than did the isolated setting.- However, setting had no reliable effect on 
either immediate posttest or retention test scores ; C 3) Self-adopted work rates 
were highly stable (r =* .72 to .78) on two progranffi. 

At Grade 6, it was found that: (l) Self-adopted work rate (ineasured by 

coc^letion time) was only modestly correlated with IQ (r » -.1^)» (2) Many 
students displayed non-adaptive work rate end achievement patterns, either 
fast work rates which were acconpanied by low achievement or slow work rates 
which were accompanied by high achievement; (3) Slow fixed pacing did not result 
in imiisre effective learning for low-IQ students; (V) Fast fixed pacing did result 
in more efficient learning without achievement decrement for hi^»IQ students. 

At Grade 12, it was found that: (l) Self-adopted work rate was highly 

correlated with IQ (r = -.61) s (2) Fewer students than at Grade 6 displayed non- 
adaptive work rate and achievement patterns; (3) Slow fixed pacing did not 
result in more effective learning for low-IQ students; C^) Fast fixed pacing 
]^ed to achievement decrement amotig high-IQ students. 



It was concluded that the assun^tions underlying the administrative stra-^ 
tegy calling for self pacing become better justified at higher grade levels. 
Twelfth graders &>iopt work rates vhich correspond closely with their ability 
and which tend to optimize learning effectiveness and efficiency. Sixth 
graders, on the other h^d, adopt work rates which do not correspond well with 
their ability levol mid which, in many instances, are either too fast to per- 
mit effective learning or toe ; low to permit efficient learning. 



The strategy of forcing higb-ability students to work fasjter (hence more 
efficiently) appears tr have remedial value for sixth griaders.. However, the 
strategy cf providing a slow, fixed pace is not adequate to reme^^ fast-work 
rate, low-achievement patterns at either grade. Thus, extenuilly controlled 
pacing is an effective technique for heightening efficiency asuong deliberate 
workers, at least at the lower grade levels, but not for fostciring more deli- 
berate work habits among ceureless workers. 






It was suggested that futiire research be directed toward determining the 
genereJl^ of under-achievement resulting from maladaptive self-pacing styles 
and toward developing more effective techniques to remedy such styles. 
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INTRODUCTION 



A vldsily held view among prograosners which has survived a nusiber of years 
of research in the field) is that students should be permitted to adopt their 
ova pace vhan working thrc\i^ a program., Thus, if prr^rams are administered 
under student-paced or **self-paced*^^ coadi.tions, it Is generally felt that 
learning will be cptltaally effective and efficient. 

One a 8 flUH 5 )tion underlying this view is that in order to be able to respond 
correctly to each frame of instruction each student possesses a uniq.ue time 
re(|ulreuent. The amount of time required is thou^t to he aa inverse fiinction 
of his ability. The less able student will require more time to respond cor- 
rectly than the more able student* 

A second assun^tion underlying the notion that self-paced program admin- 
istration leads to optimal learning is that differences in self-adopted rates 
of ?^ork during the program will coincide with differences in ability. Studen'js 
will spend about as much time as they require to respond correctly to each 
frame® The able students will adopt relatively fast work rates and coju- 
plete the program in less time, while the lass able students will adopt rela- 
tively slow work rates and require more time to complete the program. In this 
manner, all students '"ill learn as effectively end efficiently as the program 
and their abilities penrit. 

In several investigations, s8lf=pacsd and fixed=paced administrative stra- 
tegies were systematically compared (Silverman & Alter, 196lj Alter & Silverman, 
196a; Feldhusen & Birt, 19 ^ 2 ; Frye, 1963; Carpenter & Greenhill, 1963). During 
fixed-paced instruction, individuals were not permitted to adopt their own work 
rates, but were forced to work at a rate (of pace) which was externally im- 
posed. No differences in achievement were observed between self-paced and 
fixed-paced instruction. These studies indicate that self-pacing may not be 
a necessary condition for effective programmed learning. On the other hand, 
they contain little evidence to challenge the notion that self»'pacing, wherever 
possible, represents the optima]!, condition. 

Such a challenge was issued by Carpenter who, in a recent £trt,icle ( 196 U), 
asserts thats "The rate at which students study and learn normally cuad habit- 
ually are veiy probably not the best or optimum rates for the most effective 









learning*" The iicplication of Carpenter’s assertion is that programmed 
learning nay actually he enhanced by exerting appropriate external control 
over a student’s working pace* 

In a recently conmleted series of experiments, iCress and Cropper (I 96 W, 
196ilib) report evidence which tends to support the position that external con- 
trol over the working pace may be superior to self-control- In one 0xp0yin)^nt 
(Kress & Cropper, 196Ub) , a group of eighth-graders working under self-paced 
conditions was found to be Inferior to a matched group working cn the sane pro- 
gram under esetemally-peced conditions. The self-paced group comnkitted more 
errors during the program and achieved significantly lower scores on both post- 
test and retention test. As it turned cut, the average working pace adopted 
by this group was also faster than that externally selected for the fixed-paced 
group. Thus , superiority of the latter group was attributed tc the fact that 
they were forced to spend mo^ time to complete the program, it was reasoned 
that this provided better opportunity for the constnistion and rehearsal of 
correct responses. 

These findings supported those from another experiment (Kress & Cropper, 
196i*a) involving the administration of two self-paced programs to several 
hundred eighth-graders. It was foimd that a substantial number of students 
consistently adopted either a relatively rapid pace which was accon^anied by 
high error rates and low achievement, or a relatively slow pace which was 
accompanied by very few errors and virtually perfect achievement. The former 
group adopted a pace which seemed clearly too fast to permit optlm6i2, achieve- 
ment. The latter adopted a pace which may have been slower than was necessary, 
considering other students who achieved equally high scores in less time. 

The position assximed by Carpenter and the observations of Kress and Cropper 
question the adequacy of an administrative strategy that permits students to 
adopt their own working pace during a program. They do not question the assu^- 
tion that students require different amounts of time to learn effectively. How- 
ever, they both appear to question the assumption that differences in self- 
adopted work rates coincide with .differences in ability. Many of the students 
observed by Kress and Groppe- adopted work rates which were non-adaptive. Their 
work rates were neither ability-related nor consistent with optimally effective 
and efficient learning. 
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A niunoer of studies have been conducted vhlch bear on the congruence of 
student-adopted work rates and their time requirements o It will be helpful 
to consider the relevant research on this point to note the discrepancies which 
exist and to consider a possible e:iqplanation for the discrepant findings* 

Self-Adopted WorK Rate and Ability 

Several studies report an inverse relationship between time taken to com- 
plete a program and student ability. Cook (I963) * in describing the results 
obtained when 13 students were given an 800-frame chemistry program, repoirts 
a rather orderJy (coefficient of correlation not reported) negative relation- 
ship between time to complete the program and IQ* Each of these students 
achieved a high criterion score by working at rates inversely related to their 
intelligence. Carroll (I963) reports a correlation coefficient of -*77 between 
score on the Carroll-Sapon Modern Language Aptitude Test and time to con5>lete 
a program on Mandarin Chinese* A 196I study by Silberman, Melaragno, Coulsen, 
and Estavan revealed a correlation coefficient of -*52 between time to coioplete 
a program and score on the Henmon-Nelson Test of Mental Ability* 

In the Kress and Cropper (l96Jia) study, the relationship between work rate 
and IQ, was not nearly as orderly as that reported in previous studies. Based 
upon 267 and 353 subjects in two different experiments, they obtained correla- 
tion coeffi'^ients of and -.3^* respectively. Thus, aithou^ the rate at 
which students worked on the program in this study was IQ»related, the relation- 
ship was not as strong as might be e:q)ected on the basis of the experiments 
described above. In addition, work rate, on the basis of data from two separate 
programs, was found to be a remarkably stable individual characteristic* Time 
scores on the two programs used in each study correlated *80 and .83 and these 
coefficients were reduced very little by partialing-out IQ, It was further 
observed that many low-ability subjects were consistently fast workers even 
though they committed large numbers of errors and achieved poor criterion-test 
scores, fforeover, these data fail to verify the assumption that self-adopted 
work rate is ability-determined and related to the individual’s time requirement 
for successful responding* Indeed, the work rates of these subjects seemed to 
be a rather stylistic habit that was largely unaffected by expeirienced success 
or failure in responding to the frames* 
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Self— Pacgd and Fixed— Paced Adnilnistrat-ive StratGfcies 

In a number of studies in vhich self versus external control over the 
working pace xg-as specifically considered (Folletie, 196lj Silverman & Alter, 

1961 ; Alter & Silverman, 1962; Feldhusen & Birt, 1962; Carpenter & Greenblll, 
1963) only one revealed differences in learning between self-pacing and fixed- 
pacing strategies: Folletie found self-naeincr to “hA r\y* An 4* /\-P 
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learning efficiency. 

Folletie intezpreted his findings to be evidence that students should be 
permitted to work at self-adopted rates. The others interpreted their findings 
as evidence that external control over the working pace need not impair learning. 
In contrast, Kress and Cropper (l96Ub) demonstrated that such external control 
may actually enhance learning, 

Self-Pacing a nd Grade Level: A Possible Resolution 

Rather different judgments regarding the efficacy of the self— pacing stra- 
tegy arise from the Kress and Cropper (l96Ua, 1964b) findings as compared to 
the earlier studies, Kress and Cropper feund self-adopted work rate to be rel- 
atively independent of ability. They also found self-pacing to be inferior to 
fixed-pacing. Both findings fail to agree with the bulk of the earlier studies 
cited. It seemed reasonable to suspect that the differences in outcomes may be 
e:q)lained by the differences in the samples observed. 

The observations of high correlations between work rate and ability vari- 
ables (Cook, 1963; Carroll, 1963; & Silberman, et. al., 1961) were all based cn 
tenth-grade or older students. The coa^jarisons between self-paced and fixed- 
paced program administration (Folletie, I96I; Silverman & Alter, I96I; Alter 
& Silverman, 1962; Feldhusen I Birt, 196 *:’; Carpenter & Greenhill, I963) were 
all based on college students or military trainees. In contrast, the Kress and 
Cropper findings were based on the performance of eighth graders. 

The discrepancy between the earlier findings and the Kress and Cropper 
findings , coupled with the fact that they are based upoi_ very different age 
levels, suggests that the success of self-pacing may be related to the grade 
level of learners. It is well known that the progression of students throuf^ 
grade school, into high school, and finally ihto college is accompanied by 
various screening processes whereby attrition occurs mostly among the less able 
students. The most notable attrition in the ranks of the low-ability students 
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occurs between higb school and college* College students are thus generally 
more able learners than are grade-school students. Superimposed upon that 
screening process is the fact that as the students ascend the educational lad- 
der they become increasingly skilled in work end stuc^ habits* Both processes 
would seem to contribute to the apparently greater efficacy of the self-pacing 
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The Administrative Setting 

The particular environments in which programmed instruction has been ad- 
ministered in studies concerned with pacing mode have varied between individual 
and group settings,, Carpenter euid Greenhillj Frye, and Kress and Cropper ran 
externally-paced subjects in groups which worked togehter in a single room. 

The extsrnally-paced groups employed by other investigators were run individually jj 
on separate teaching machiniss (Alter & Silv-erman, 1962j Silverman & Alter, I961), 
As for their self-paced condition, A]. ter and Silvermaj/i, Siln’erman and Alter, and 
Fiye ran their subjects indi.vidually. Carpenter ?ind Greenh.lll, and Kre.ss and 
Cropper, on the other hand, ran these subjects in groups which met in one room 
with separate machines or booklets. It is obvious that little uniformrtty exists 
among the several studies in this respect. This lack of uniformity may indicate 
that the investigators did not regard the setting as a particiilarly relevant 
feature of the experiment. 



However, Frye indicated that his results may well have been due in part to 
the recognition of subjects of the competitive aspects of the group situation. 
It was also observed during the Kress and Cropper studies that many subjects 
attended to the progress, of their fellows and may have adjusted their own be- 
havior on this basis, Specificsilly, it appeared that slow workers tended to 
hasten their rate in response to the visable progress of their faster-working 
classmates* It seemed appropriate, therefore, to attend systematically to this 
aspect of the learning environment so as to clarify the role of administrative 
setting as well. as grade level in the success that students have in adopting 
an appropriate working pace. 



Purpose 

The general purpose of the present study was to evaluate the efficacy of 
permitting students to adopt their o\m work rates during programmed instruction. 
Comparisons were made of both high and low ability students working: (l) under 

self-paced versus fixed-paced conditions and (2) in group settings versus isolated 
settings,’ These comparisons were made both at grades 6 and 12, 
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By oi'endng both sixth and twelfth graders, it was possible to evaluate 
the extent to which studeixls at differ^^nt academic levels differ in their 
relative ability to adopt work rates which accurately reflect their abilities 
and which « therefore.^ optimize their learning from programs# It was expected 
that pai’ticular types of students can be identified who are habitually poor 
pace-selectors and whose learning can be improved by controlling their pace 
externally# Further, it was expected that particular types of students can be 
identified who are habitually poor pace-selectors and whose learning can be 
inqproved by controlling their pace externally# Further, it was expected that 
the extent to which learning can be improved by external pace control would 
differ between the two grade levels and within each grade depending upon whether 
group or individual administrative settings were used# 

The selection of an "optimal” fixed-pace, designed to maximize leaarning 
effectiveness and efficiency, may be .clarified by inspection of Fig. 1# Figure 1 
is a hypothetical scatter diagram of completion times versus achievement scores 
for students of a given ability level. The idealized curve represents the para- 
meter of achievement as a fijiction of time# It specifies a negatively acceler- 
ating relationship: achievement increases as more time is spent on the program 

but that, beyond a certain point, the e:q)enflit’are of additional, time results in 
little gain in achievement,. This point, labelled as the "Optimal Pace," cor- 
responds to the smallest possible expenditure of time (the fastest self-adqpted 
work rate) necessary to achieve a high score on the criterion test. The ex- 
penditure of less time (a faster work rate) results in less than optimal achieve- 
ment, whereas e:qpenditure of more time (slower work rates) results in less effi«» 
cient learning and little gain in achievement# 

The area designated as D encompasses the fast-working, low a hievers whose 
achievement is most likely to be raised by forcing a slower pace# Area C 
represents the slow-working, high achievers whose achievement scores are 
most likely to remain high even when forced to work at a faster pace# 

Areas A and F, fast /high and slow/low, represent £s who are least likely to be 
in^roved by changing their habitual self-adopted pace. The relative proportion 
of £s whose habitual self-paced performance places them in Areas C or D would 
determine the extent to which overall in^irovement is possible for a given pro- 
gram administered to a specific group of students by the imposition of an 
"optimal" fixed pace# 
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Fig, 1, The idealized parameter of time 
vs* achievement at a given level of ability* 
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Based upon the observations of Kress and Cropper (l96Ua) , it was expected 
that external control of pacing mi^t lead to in 5 >;roved performance over self- 
pacing as follows: (a) habitually fast-working ^ Icat achievers would achieve 

hi^j^er criterion test scores when forced to work at a slower pace, and (b) ha- 
bitually slow-work5.ng> hi^ achievers would be able to work at a faster pace 
without decrement jja criterion scores. Th.e first would result in more effective 
leeming,, the secoud in more efficient learning. 
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In order to assess perfonsance differences tje+>i7esn students of different 
gk 3 .de levels, &11 experimental coa^ariscns were made %itb a sample of sixth 
graders, then repeated with a sample of twelfth traders* The first expe-riri^sni: 
of this study was conducted at Grade 6 , 



S ubje cts 

■ I ■ KiMiT*,;. rr>pii— »-ii^ 

Ihe san^le ot ^3 who ^participated in this experiment consisted of 3C8 
sixth graders o Kie sasiple was drawn from four Pittsburgh city schools, two 
public and two parochial. 

Materials 

Lesson materials developed for use in the sixth-»grade experimenip consisted 
of; (a) two short preliminary programs which were administered to all Ss in 
their schccls prior to their exposure to one of the e;^rimontal treatments; 
and (b) a longer program which was administered under several different condi- 
tions at an experimental site* 

Prelimin^ programs - A II 6 - frame program on the concepts of ”f-orce and 
motion” and a 9C~frame program on ^atomic structure of matter” wore adminis- 
tered to all sixth-grade Ss in their classrooms. Their purpose was tc famil- 
iarize ^8 with programmed instructional materials and to provide a measure of 
each £’s characteristic work rate, error rate, and achievement level from self- 
paced pi%jgrams. These perform^ce measures were subseq.uently employed, in 
combination with ability measures, as predictor?* of perforrAsace during and from 
the eii^erimental program* Both preliminary programs were repy.'oduceci in book- 
lets with one frame per page. Thf 3 y might be characterized as linear, requiring 
constructed responses, and making heavy use of the ”vanishin>f«,” technique where- 
by cue support is gradually reduced and responses become longer auid Diore com- 
plex* Sample frames from both programs are reproduced, along with the achieve- 
a^nt tests ^ised, in Appendix A. 

All preliminary tests and programs were administered to ^s in their re- 
spective classrooms during three separate sessions which were conducted within 
a two-week period* The preliminary programs were administered in the classroom- 
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grouf setting undei? self-paced conditions « Each ^ wast giires a booklet ^d 
instjincted to wojfk st a pace i^blcb would peyssit feia vespond accurately to 
each franse and to achieve a hi^ score on the criterion test that was to be 
administered isamedlately ccoapletion of the lessen general order 
end spacing of the preliminary sessions is indicated ia fable 1. 

E%perlBient?il nrogi’am - The pro&Tsan used diirXng the «iKth-grade ?.2£iieri2^K= 
tal sessions was a 219‘*frsme lesson on soma bcsic concepts of electricity* It 
itsalt with current as a flow of electrons » the attraction and repiilsion cf 
particles 9 batteries, voltage, resistance, current, circuit diagraius, seides 
^d parallel circuits and, finally, sose applicatlcns of Ohsu‘'e Iisv to calculate 
current in simple examples of each kind of circuit* Saadis fraiaes sad the 
criterion test ere presented in Appendiz A« This progriaa, like the preliEdaazy 
progr^os, was linear, req^u^yed coakitructed responses ead was frequently 
mentsd by line dr®?ings and other visual prompts* 



All prograsis luaderwent several stages of revision on the basis of tryouts 
with sixth-grade students from a school which was not used in the experimental 
treatments. 



Table i 



Schedule of Preliminary Sessions 
Grade 6 Experiment 



Day 



Tasks 



Approximate 



Length of Session 



Pretesti^ on the Atomic Structure, 
Fore® & Motion 5 and Electrical 
Circuits PrograsEs and the Tixsker 
Speed of Reading Test.- 



1 - T dg;j?' delay 



Force and Motion Program and 
Posttest 



2 hrs* 



2 » T day del^ 



3 Atomic Structure of Matter Program 

and Posttest 



Published by the University of Minnesota Press, Minneapolis 




Expegiaental Bgsign 

Those §& who pasticlp&ted in the prallisdLnar^r sessions were hrou^t to an 
e^erimentnl site on on6 of five successive Saturdc^s end sseigned to one of 
th« experisBsntal treatments described telcrtr*. 

Independent variables -> This es^riment vas designed to assess the effects 
on the prograniBsd learning of hoth low and high ability students of: (1) Pticing 

Mode^ self and fiiced, and (S) Adaiiatstratlve Setting* gro^p e«d isolated* High 
and low ability categories ^ere- detersdned by ranking £s on the b^is of IQ 
scores. Subjects vithin each category were then randmoly assigned to one of 
four treatment conditions* This resulted in a 2 x 2 x S factorial design, or 
treatments x levels design (Lindquist, 1933 ), as displayed in Fig* 2* An final- 

I 

ysis of vafisnee of IQ scor^ rev\^aled a hi^2y significant difference betueen 
levels (P <*0l); high IQ mean » U8, low IQ mean ^ 99* (See Tables 1 and 2, 
Appendix B.) 



8elf»paced conditions were based upon much the same procedure as dese:ribed 
earlier for the administration of prelimisary programs. Under fiskd-paced con- 
ditions, on the other hand, were required to work on each frame for penlods 
which were externally controlled^ Under isolated conditions, ^ worked apart 
frjffi their fellow students. Under group conditions, Ss woiked in classrooa- 
IfJce settings, in the presence of a nunber of other Ss. 
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Fig. 2, 2x2x2 treatments by levels design. 

Symbols in each cell refer to the four tres.t!Kent conditions. 
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Dependant variables - The dependent variables iseasured in the esperisent 
were: errors coiemitted during the prosrwn, score on an achieveaenfc test given 

inmediately after the lesson » and score on the san^ test fldven after a delay 
of 30-33 days. For Ss who were run under self-paced conditions » tine to co®- 
plete the lesson was also recorded as a dependent measure. 

The sixth-grade wqoerimented less^on was administered ^ at a central site, 
during five consecutive Saturdays 9 beginning on the first Saturday following 
the preliminary sessions. Isolated ^ were run at the offices of A*I*R, 
grouped Ss in a large classroom of a nearby school not attended by any of the 
Ss» The four treats^nt conditions under which the lesson was administered are 
listed below, followed by symbols which will subseq.uently be used to refer to 
each condition. 

Self-paced^ Isolated setting - 
Self-paced, Group cetting - CS/G^^^^, 

Fixed-paced, Isolated setting - (F/X„o , , F/I, ) 

nlga LCM 

Fixed-paced, Groi^ setting - (F/G„, . , F/G, ) 

Each of the four conditions is identified in Fig. 2 by its symbol. Reference 
to the various treatment groups is made by means of these symbols in the sec- 
tion to follow, which describes the procedure es^l(^ed dxrring the five Satur- 
( 2 ay sessions. 

Procedure 

All f 3 elf- 7 paced conditions wer» rm during the first two Saturdays. In 
the and cmditions, S was taken bf ®*n E to a small room, Uke 

instructions >rere to work through the lesson at a pace which would pe:>*mit S 
to learn the matex*ial and to do well ©n t'le test to be given after the lesson. 
Each £ was informed that since it was desired to know hew long people spend 
on these frames, a record would be kept of his times as he worked along. He 
was requested not to modify his work rate because of the timing, but rather to 
work at his tisual pace taking as much time as he needed. As S worked, E, using 
a stopwatch and data form, recorded the number of seconds spent on each frame. 

A record was also V'^^t of the total time to complete the program. Two rest 

given, ax ter frames JS and 1!51* A posttest was administered im- 
mediately after ^ finis led the program. 
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S/Gj^ and conditions were also conducted during the first 

two Saturdays. These Ss were run in a large classroom at another building in 
groups of 20-35* of both high and low IQ* Their instructions were much the 
seme as "here given dtiring the preliminary sessions, la this condition, a 
record was kept only of each S^'s total time to complete the program. These 
groups were also given two rest periods and a posttest as thev completed the 

n 

VM • 

Selection of optimal fixed paces - Between Sati’rdays 2 ancl 3, the data 
from the self-paced Ss were analyzed and served as a basis for determining 
the total time, and its distribution among frames, that would be used for 
the fixed-paced presentations. 

As discussed in the Introduction, the pace hypothesized to optimize 
learning effectiveness and efficiency for Ss of a given level of ability is 
that adopted by students who most rapidly canplete the program and perform 
at a hii^ level on the criterion test. In this e:qperiment, the determination 
of such a pace W£B made for only the lower and uppe- halves of the sixth-grade 
ability distribution. The pace chosen as optimal for low-IQ Ss was determined 
from the self-paced performance of Ss who ranged in IQ from 86 to 10 8. An 
optimal pace for high IQ Ss was estimated from the self-paced performance of 
a group whose IQ-range was between 109 arxd 131. The hypothetical, optimal pace 
described earlier (see Fig. 1, page 7) is based upon Ss of a given level of 
ability. Since each IQ grouping in this experiment included a fairly broad 
range of abilit y % the optimal pace selected within each was, necessarily, ' an 
approximation designed to apply for the entire group. Thus the pace selected 
as optimal in this case* for each ability grouping was probably faster, for the 
lowest-IQ ^s, than woiild havt arise^n fzora a group of equally low-ability Ss, 
the same token, the pac<^ was probably slower, for the highest IQ Sa, than 
would have arisen from a group of eotually high-abilitj/- Ss. Tiecognizing that 
the en^irical distributions of t.ime vs. achievement are based upon Ss of a 
wide range of ability, a pace was selected which appeared to correspond to the 
minimum time required by Ss of each ability grouping to reach their best pos- 
sible achievement scores. 

The distribution of time vs, achievement scores obtained from 6k low-IQ 
Ss who adopted their own pace Es appears in Fig. 3* Judging 

from the achievement levels displayed in Fig. 3« TO percent appeared to bs 
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near the maximum possible achievement for this group. The curve shown in 
Fig, 3 is an estimate of the hypothetical parameter discussed earlier (see 
Fig, 1, page 7). Judging from the distribution as a whole, the point which 
appeared most closely to correspond to an '’optimal pace” occurred abovft 15Y 
mins, on the time-to-complete scale. For Ss of this ability range, then, 

157 mins . was taken to be the minimum expenditure of time necessary to permit 
them to obtain their maximum possible achievement scores . Since the median 
totaJ. time spent by these Ss was only ihO mins,, it appeared that most of 
these Ss adopted a work rate that was too fast to permit effective learning. 

Figure k shows the comparable scatter diagram for the high-IQ group. 
Comparing it with Pig* 3, it is deer that the overall achievement level was 
higher for the higher-ability Ss, but that the time distribution was very 
similar. The median total tine spent by the hi^-IQ group was , in fact, iden- 
tical to the loW“IQ median: }.k0 mins. Apart from the similarity in 

completion time, the hi^-IQ distribution is quite different. It appears that 
this group is capable of 90 ?;ercent achievement, or better. It also appears 
that the location of an ”opti»ial pace" on the hypothetical p«^ameter lies to 
the left of the l*40-min. median completion time, at 12^ mins. That is, the 
minimum eaqsenditure of ti’^^e required for these Ss to achieve 90 percent would 
be less than was spent by most of them. Thus , it was judged that most of these 
Ss adopted work rates which were slower than necessary for optimal achievement. 



Having selected the optimal total times to employ for the two sixth-grade 
ability groupings it \(eB necessary, then, to determine the distribution of the 
total time among; each of the 219 frames of the program. The total time to be 
allotted to the fixed-paced, low«IQ Sti 

dec5-ded, arbitrsirily , that secs, be allotted to each confirmation page, or 
a total of spproKiiaately 18 of the 157 wins, to be spent checki^ag answers, 

7/hat left 139 mtns. of working time to be dfistrlbuted among the 219 frames. 



FrOTi the distributions of time spent on each frame fey the 32 S/I.^^^ Ss, a 
median, was calculated for each frame. The mediairA time sx^ent on each frame, 
divided by the sum of all 219 medians, constituted the proportion of the 139 
mins, which was; allocated to each frame. In this manner, the total time 
determined to reprebent an optimal working pace was distributed among the 
f rallies in rou^^ly the same proportion that was allocated to each frame by the 
iow-IQ who had worked under self-paced conditions. This procedure resulted 
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Pig. 3. Scatter diagram of time V6. achievement on the Electrical 
Circuits Program for 6k low-IQ, sixth graders who worked under self- 
pacsd conditions. The curve is a hypoi^hetical parameter of achievement 
as a function of time spent to complete the program. 




Fig U. Scatter diagram of tijne vs. achievement on the Electrical 
Circuits Program for ok high-IQ, sixth graders who worked under self- 
paced conditions. The curve is a hypothetical parameter of achievement 
as a function of tim? spent to complete the r;rograro. 
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in a range of time allocations for single frames between 13 secs., for the 
shortest frame, and 8l secs., for the longest frame. A completely analogous 
system was followed for the distribution among fl*ames of the optimal total of 
126 mins, allocated to the high>IQ Ss in the fixed-paeed conditions 
& F/Gjjigjj). It was distributed in roughly the same proportion as was allo-' 

OAAVi Vw QO Co C /T C 

— WA oAvai y o^WO • 

allotted to each confirmation fVame. In this instance, the range of time 
allocations was between 10 secs., for the shortest frame, and T5 secs., for 
the longest frame. 



The Ss were taken to a small room and directr . through the program 

by an E equipped with a stopwatch and list of optimal times per frame. Work 
began on each frame when E said, ”turn to frame — When the allotted work- 
ing time was half elapsed E said, "half.” This halfway signal served as a 
cue to S which was designed to help him budget his reading and writing time 
on each frame. When the optimal time was fully elapsed E said, "check your 
answer.” Five secs, were allowed for each confirraption page at the end of 
which E again said, "turn to frame --.-"(the next frame in sequence). Break 
periods were given following fraaies j6 and 151. The posttest was given im- 
mediately as S completed the program, 

The F/G^^ Ss were seated in a large clnissroom and each las given a 
program booklet . They worked, as a group, fcJ.lowing pacing instructions 
identical to those used for the F/I., except that the direction csune from 

juOmt 

a voice prerecorded on tape,. ?/lie recorded pacing ins tn;.ct ions made use of 
a be.ll signal in 3J.eu of the spoken vro.rd ‘hsif" to indicate the halfway point 
dtiring each frame. Bre/aks were; given fo,3.10/d.ng frames 'f6 and 153 , posttests 
fcllo\/ing completion of the program. 



On Saturday 4, the conditions were conducted in a 

manner completely analogous to the previous week. The differences were that 
on Saturday 4 the optimal total time was 126 mins, land all Ss were from the 
hlgh-IQ ability levels 

A number of previously absent Ss were run during make-up sessions con- 
ducted on the fifth Saturday. Nine Ss were run in the ?/l^^ condition, 13 

were run in the F/G. „ condition, and 8 were run in the F/G„, . condition. 

Low ’ High 
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Between 30 end 33 days after taking the Electrical Circuits Progr^, 
Ss were given the posttest for a second time as a measure of retention. 
Retention testing was conducted at the various schools, over a period of 
five weeJrs, until ail Grade 6 treatment groups were contacted. 
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RESULTS 



The results of the Srade 6 Experiment are based on three separate analy- 
ses. The first is an analysis of the overall effects of Pacing Mode» Admin- 
istrative Setting* and Ability. These effects are assessed by analyses of 
variance based upon the 2x2x2 factorial, design displayed in Fig. 2. The 
second analysis deals with the specific effects of the strategy of slowing 
dijwn low-ability Ss • The third deals with ^he effects of the strategy of 
speeding up high-ability Ss . The ef fee uS of these two fixed-pacing strategies 
are assessed by considering the hi^ and low ability levels of the main design 
separately* end then by a more analytic inspection of results within the par- 
ticular subgroups whose performance was hypothesized as most likely to benefit 
frcmi each strategy. The three sets of outcomes will be considered* in order, 
in the following sections. 

The Overall Effects of Pacing Mode, Administrative Setting » and Ability 

The random etssignment of 256 Ss to treatment conditiens resulting in 32 
replicates in each of the eight cells of the factorial design (2 types of 
Pacing X 2 Administrative Settings x 2 Ability levels ) . Analyses of variance 
performed on IQ, Pretest scores* and characteristic work rate (on the self- 
paced, prel i m i nary programs) indicated that the various treatment groups were 
ressonably we'l equated on these measures. (These analyses os well as means 
and S.D.'s for each condition are summarized in Tables 1 through k in Appen- 
dix B.) 

The dependent measures of interest are scores on the Immediate Posttest 
and Retention Test as well as the, number of Errors committed during the program. 
Also* dniocg the the self-paced Ss, time-to-con^lete the program was con^ared 
for the 6roi;q> and Isolated settings. For ease of comparison,* the four analyses 
of variance performed for these measures are summai'ized, together* in Table 2. 

(a) Pacing Mode (Self-pacing vs. Fixed-pacing) - As indicated in Tables 2 
and 3* & significant difference in Errors was observed between the two pacing 
modes. Externally fixed pacing (both speeding and slowing) led to the commis- 
sion of more errors during the program than did self-adopted pacing. Expressed 
as error rates* the difference was 29 percent for the self-paced group vs. 38 
percent for the fixed-pace d group (P < .01). 
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IHble S 

On— aries of Varlanc* Aaolysoi of 
ttnxr Student Measures: Gz«te 6 

(H » 256)^ 



Mean 





Source 


p.r. 


Squares 


r 




Made 


1 


1 . 9 l> 


%.66m» 




Setting 


1 


.40 


6.CK)» 




m 


1 


6.06 


10.13** 


LOOBlRdtS 


Mx 8 


1 


.06 




BCSCIRIGAL 


Mx 1 


1 


.15 


2.48 


cxRctrns 


8 x 1 - 


1 


.00 


— 




Mx 8 x 1 


1 


.04 


• 




Within Replicates 


248 


.06 






Mode 


Jk 


492.20 


1.14 




Setting 


1 


3 .T 5 


_ 




li 


1 


71991.60 


166.07** 


FO 0 XIESF 


Mx S 


1 


139.54 


— 


tUSCmiCAL 


Hx X 


1 


129.16 


• 


cjsansB 


S X I 


i 


242.19 


• 




Mx 8 x I 


1 


335.24 


- 




Within Replicates 


248 


433.50 






Hod;: 


1 


1004.04 


3.53 




Setting . 


1 


196.49 






19 


1 


33329.13 


117 . 04 ** 


smsnm 


Kx S 


1 


169.46 


• 


EtSClRlCAX. 


M X 1 


1 


42.78 


•» 


CKRCGX!^ 


8 X I 


1 


44.46 


- 




M X S X I 


1 


554.99 


1.95 




Within Replicates 


248 


284.78 






Setting 


1 


2932.33 


5 . 35 » 


SIECISXCAL 


IQ 


1 


993^56 


1.81 


CIBOTITS 


S X I 

Within Replicates 


1 

124 


.07 

543.32 





^significant beyond the .0$ level 
*^si£^ific^t beyond the .01 level 







^Sinee Tis» vae free to msy ozUy for the self-paced eoiaditionSf 
the fi for that ai^lysle is 1^8 
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liable 3 

Kwaary of Himber of GoMdtted During !lhe Sleetrlcal 

Circuits ProgrnsB for Each 2«rol of Bssh ^iable^ 

Ck • 256) 





Level? of Zudcpendeat 








V 

Sign. 




Variables 




Mean 


8 .L* 


level 


MODE 


self-piced 




132.59 


71*32 


^ 0 ?: 




f^ii^d-paced 




iI»7.88 


74.25 


i 


eraniiB i«i»tea 






77.^ 


< .05 




gmo» 




118.84 


70.01 






high 




90.^ 


51*31 


<*01 




lov 




169*60 


73.75 




^^tal RUBAwr of eiTors possible * 390 














Tbble k 










Sunary of Parceatoge POGl’lEST Scores 








for Eccb Level of EsoJ Variable 










(k ■ 256) 










Levels of fiidepeadent 








81 ^. 




Variables 




Mean 


8.P. 


level 


UODB 


self-paced 




5^^.19 


27.63 


B.8. 




flxed-jpaced 




51.41 


25.63 




I isolate 

SSSTSSB3 




52*92 


25.93 


B.8. 




group 




52.68 


27.42 




xq 


bi^ 




5.57 


20.35 


*^.01 




low 




36*03 


21*05 








^lable 5 










f^Bsaary of Persestegs SS^SJTIOS T 38 ^ 








Scores for Eabh Level o^']t!xeh Variable 










(b « 256) 










Levels of Xodependent 








8 i^, 




Variablee 






8.D. 


level 


flQEE 


self-paced 




29*90 


21.55 


H.8. 




flxed-paced 




25*87 


10.24 




SEa.TlWJ ioola-ed 




27 .C 9 


19.23 


B.S. 




group 




28,60 


21,72 


• 


iq 


hi#i 




•> 9*48 


21.03 


<.01 




lov 




16.29 


11.37 








!lbble 6 










Susaary of TPE to Cosolets 


the vrogratt 








(in Mins.) for Sach Level of Each Vsriabltt 










(H « 128) 










levels of Independent 








Sign. 




Variables 




Kean 


S.L. 


Level 


mur,aTm Isolated 

ssrujKi 




135*06 


25.22 


< .05 




group 




145*31 


20.72 




iq 


hi^ 




137*69 


20.96 


H.S. 




lov 




143.48 


25.59 





Inspectios of Tables k and 5 reveals that the sixperiority of the self- 
paced groins during the program was followed by sll^tly higlaar scores oa both 
Posttest and Retention Test. However^ as shown in Tkbls 2, neither difference 
is significant. 

(b) Adainlstratiye Setting {Isolated vs. Group Setting ) « It be seen 
from Table 2 that the setting in which the program was administered also had a 
ei^ixficent efrect on £rrors. The Ss who worked in Isolation from their class*- 
mates committed mors errors than did those who worked in classroom groups. (See 
Table 3.) The difference ia error rates was 36 percent for the isolated Ss vs. 
30 percent for the grouped Ss .(P < ,05). 

Despite the superiority of the group setting ia accuracy during the pro- 
gram, it may be seen in T^les k and 5 that Pcsttest aiid Retention Test scores 
were very similar following both settings. Ktlther difference approached 
significance. 

Table 2 also summarize© the analysis of Time spent by the self-paced Ss to 
coB^lete the program. 'Shat analysis revealed that the group setting led to 
slower times than resulted from the isolated setting. The difference, lh5 vs. 
13^ mins, (see Table 6), is significant at the .05 level. The fact that iso- 
lates Ss adopted faster work rates may explain, at least in part, why they 
ccmmitted more errors during the program. 

(c) ^ility - From Tables 2 throu^ 5, it is clear* that the hi(^-IQ Ss 

were superior to the low— IQ ^s on krror. Posttest and Fietention Test measures. 
The difference in error rate was 23 percent for the hif^-IQ Ss vs. lO percenv 
for the low-IQ (P < .01)5 in Posttest, 70 percent (high) vs.-. 36 percent (low) 

(P <.0l); in Retention, 39 percent (high) vs. 16 percent (low) (P < ,01). 

The one measure which failed to differ significantly as a function of 
abili^ was that of time taken to complete the program. This outcome, of 
course, verified sijailarities w'^ich were evident in the scatter diagranm pre- 
sented earlier in Pigs. 3 and h. While the mean time taken to coaplete the 
program was somewhat shorrter for the more capable students^ the general pattern 
i?£S such as to make clear that the self-adopted work rates of these students 
bore little relation to their sibility to learn. 

While a number of significant main effects were noted within the set of 
analyses summarized in Table 2, on no measure did an interaction approach sta- 
tistica.1 significance. Considering both low and high IQ students, then, the 
observed effects of each independent variable appeared to be fairly unifom. 
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Table 7 



Summary Analyses of Variance of the 
Performance of Low-IQ, Sixth Chraders 
(N a 128 ) 



LOG 

ERRORS 

KJSlATlVlTf 

P(BTTEST 

RELATIVITY 


Source 

Mode 
Setting 
M X S 

Within Replicates 

Mode 
Setting 
M X S 

Within Replicates 


D.F. 

1 

1 

1 

12 k 

1 

1 

1 

124 


Meeui 

Squares 

1.52 

.26 

.09 

.C 8 

60.50 

153.13 

-i.13 

451.90 


P 

20.27^ 

3.45 

1.22 

o» 




Mode 


1 


316.16 


2.55 


RETENTION 


Setting 


1 


I7.O6 




REiATmrr 


M X S 


1 


668.90 


5.39*^ 




Within Replicates 


120 


124.15 





T^le 8 

Performance Siissmaries of T2*eatment 
Groups of Low-IQ, Sixth Graders 
(N a 12U) 



EEmORS 

REL^TIVTO 



POSTTSiSr 

REIATmiY 



RmKTIQR 

RSIATIVITy 



Ijevels of Independent 
Variables 


Mean 


Sign. 

Level 

.01 


self-paced 

Mode 

fixsd-paced 


150.78 

188.81 


isolated 

Setting 

£Sroup 


183.48 

356.11 


H*S. 


self-paced 

Mode 

fixed-paced 

isolated 

Setting 

group 


36.72 

H.S. 

35 . 3 “» 

37.13 

. . 

3 h. 5 k 


self-paced 


17«89 




iMode 




R.S. 


fixed-paced 


1^.69 




isolated 


15.92 




Setting 




E.S^ 


group 


16.66 





•«riM 












The Effects of Slo^ag Lyg^lft Students 

Since the fiseed pace employed for Mgh°-IQ Ss was designed to be a speeds* 
vip and that es 5 )loy«d for low-IQ Ss was designed, to be a slow-down, the two 
ability levels were analyzed separately so as to clarify the effects of the 
two different operations. The former was, of course, desired to maxiinize 
learning efficiency, the latter to maximize learning effectiveness. 

(a) ^allysis of variance results for low-Ift Ss - The analysis of variance 
summaries and means for each low-IQ treatment combination are presented in 
Tobies 7 and 8. 

The most general pattern discemable from these analyses is that, contrary 
to e^cpectation, forcing sixth-grade students to spend more time on the program 
failed to enhance their performance. On the contrary, the self-paced group 
tended to be superior on all three dependent measures. The superiority in 
Errors was significant (P < .01), while that in Posttest and Retention failed 
to reach significance. 
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PACING MODE 



Fig. 5* Mode x Setting interaction for Retention 
scores among low-IQ Ss. 



Althou^ there were no significant main effects in the Retention measure, 
a significant Mode x Setting interaction (P < .05) did occur. The interaction. 







displayed graphically ir^ Fig. 5» indicates that the superior retention of self- 
paced §8 occurred only among Ss who worked in Isolation. That is, the grouped 
-® ^®^®Low ^ ^^^Low^ obtained very similar scores under both pacing modes, 
while for isolated Ss » the fixed pace produced substantially 

lowered Retention scores. This finding is rather surprising since no evidence 
of such an interactive effect is present in either Errors or Posttest; mean 
Posttest scores of the and groiQ)s were virtually Identical. It 

suffice, then, to say that, while forcing these students to work at a 
slow pace was generally not successful. It was particularly unsuccessful as 
measured by the retention scores of Ss who worked in isolation. 

Performance of various subgroups among the slowed Ss - It is of fur- 
ther Interest to consider the outcome of the slowing strategy with respect to 
particular subgroups. From the eerl..er discussion of optimal pacing (see 
pages 6 and 7)> it will be recalled that the Imposition of a slow pace is 
aimed primarily at those Ss, the fast-working, low achievers, whose habitual 
self-adopted pace is relatively rapid despite high error rates and low 
achievement. On the ether hand, other types are less likely to benefit from 
a slow fixed pace, e.g., Ss who perform well despite a rapid self-adopted 
work rate (fast-working, high achievers). 

The various types of among those who worked at a fixed pace, were 
identified, a priori, so that the effects of the slowing strategy on each 
type could be analyzed. Using performance scores obtained by self-paced 
Ss on the Electrical Circuits Program, a prediction equation was generated 
for each dependent variable. Predictors were selected from among the pre- 
liminary measures obtained from all Ss prior to the administration of the 
Electrical Circuits Program. By placing his appropriate predictor scores in 
the prediction equations, a predicted score was calculated for every fixed- 
paced r on Electrical Circuits Program performance measures . Knowing how long 
he would have spent and what his achievement would have been had he worked 
under self-paced conditions, it was possible to decide whether S^*s performance 
was impaired or enhanced by external pacing. 

The predictions were accomplished by perfoxming a series of multiple 
regression anetlyses in which eight preliminary mesisures were considered as 
predictors of each of the dependent measures obtained by the self-paced Ss on 
the Electrical Circuits program. These preliminary, predictor measures 





Included: (l) IQ, (2) corrected reading epeed (nmber of correctly 

mar^cid on the Tinker C^peed of Reading Tes-c). (3) tmcorrected reading speed 
(number of items atten^tad), (H) sum :>f preteiit scores on the preliminary pro- 
grams, (5) total time spent to complete the preliminaxy programs, (6) total 
errors committed on preliminaxy progrrijns, (?) total posttest scores on pre- 
liminary progvams, and (6) score on Electrical Circuits Pretest. The four 

iliBfcTiarifiAn'h nrt tihia n-? 4*e v\v/%frY»oTvi 

JT — ' — — — ' ^ WW j ^ Miwao. WJbJ^JUV^ 

regression equations ;*ere generated, vere; (l) Time to complete, (2) Errors, 

(3) Posttest, and (U) Retention. 

Given the multiple regression weights obtained by that procedure, and the 
appropriate pret’j ctor scores each f ixed-paced S_ had obtained during preliminary 
sessions, it was possible to calculate a predicted score for each S_ on each - 
dependent measure. These predicted scores may be described as estimates of 
the actual scores each would have obtained, if he had taken the program under 
self-paced conditions. It was then possible to compare predicted (self-paced) 
scores with actual scores obtained under fixed-paced conditionjs, and assess the' 
effects of fixed pacing on the performance of each Individual. 

A separate set of regression equations was generated for isolated and 
grouped Ss. All of these multiple regression juaalyses are summarized in Tables 
? throu^ 12, Appendix B. 

In order to provide an overview of the effects of tY .2 slow-down on the 6k 
low-IQ Ss who were submitted to it, a scatter diagram was plotted of predicted 
time vs. predicted achievement scores. The data points on this diagram, dis- 
played in Fig. 6, reveal the particular work rate and achievement pattern pre- 
dl<^ted for each S^. For example, a point falling in th^ lover left-hadh quadrant 
represents a' fast-working, low achiever; a point falling, in the upper ri^t-hand 
quadrant represents a slow-worki*try high achiever. To each data point is at- 
tached an arrow which traces the difference, up or down, between predicted (self- 
paced) and obtained (fixed-paced) Electrical Circuits Posttest scores. An up- 
ward arrow indicates that the slowing strategy resulted i rhanced performance 
for that S^. Th^ downward arrows, of cotirse, indicate pe ^ ..inance decrement. 

Inspection of Fig. 6 clarifies a number of facts. First, about as many Ss 
were i"opairedby the slow-down as were helped by it. Second, the tendency for 
gain or loss seems not to be different for different subgroups. Third, while a 
fair number of fall in the lower left-hand come* oC the diagram — Ss pre- 
dicted to have been fast-working, low achievers if allowed tu pace themselves — 
they show no strcng tendency toward higher achievement from the forced slow-down. 
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A sore ^.eteiled analysis of outcomes for this group of Ss v?as accoB5>iished 
by selecting those 18 Ss from the gro\^ who were predicted to he the fastest- 
worklngj, lowej?t achievers end analyzing differences between their predicted end 
obtained scores en each dependent measure. The results of the t-tests, sum- 
marized in Table 9, verified that: (l) the fisted pace was slower than their 

normal pace (P < .01), (2) they committed slightly fewer errors, (3) they 
achiev-ed somewhat higher Posttest scores, and (*») sli^tly lower Retention 

scores* Kone of the latter three differences approached statistical signifi- 
cance. 



Table 9 



Summary t-test Aiialysf:s between Predicted and 
Obtained Scores of Fast-Working, Low Achievera 

Grade 6 



Dependent 

Variable 


1 


2!L 


Time • 


18 


-30.67 


Errors 


18 


1.67 


Posttest 


18 


-3*^ 


Retention 


15 


.20 



fa 


t 


Sign. 

Level 


7.89 


-3.89 


.01 


14.05 


.12 


N.S. 


S.8S 


-1.22 


N.S. 


2.11 


-.10 


N.S. 



(-) sign indicates that obtained score was greater than 
predicted score 

Oik the basis of all the foregoing, it seems very clear that the strategy 
of forcing low— ability sixth graders to sp&nd more time on the program did not 
result in more c*ffective learning. This outcome is not attributable to a 
shortage of non-adaptive self pacerc in the sample, since a substantial pro- 
poLtlon of the group were relatively fast-working, ..low achievers. Howevex’, even 
when considered by themselves, they displayed only a modest tendency toward • 
inproved performance. 

l!he Effects of Speeding High-IQ Students 

results for high-IQ Ss - The outcomes of the 
speeding procedure for the high-ability Ss are sismnarized in Tables 10 and 11, 

Here again, as measured by al* three dependent variables, the general ef- 
fect of externally -controlled pacing was to impair performance. This was rot 
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REIATIVITy 



POSTTEST 

RBIATIVITy 



RETENTION 
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TSa1>le 10 

Sasnnazy Azialyses of Va^iaace of tlie 
Performance of Sixth Graders 

‘ S’ = 128) 



Table 11 

Performance SumiDaries of Treatment 
Groups of Sixth Graders 

(N = 128) 



Mode 



Setting 



self-paced 

fixed-paced 

isolated 

group 



hi 0 
37.05 
38.36 
40.69 
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LOG 

•piypApg 

RElATIVITy 


Source 
Made 
M X S 

Within Replicates 


D.F. 

1 

•% 

X 

1 

124 


Mean 

Squares 

.50 

•cx 

-00 

.05 


P 

10 . 23 *^^ 

4.30* 




Mode 


1 


556.95 


1.34 


POSTTBST 


Setting 


1 


ss.se 




RBIATIYimr 


M X S 


1 


•^ 53. 75 


1.09 




Within Replicates 


124 


415 . U 






Mode 


1 


730.65 




RETENTION 


Setting 


1 


183.88 




SSUTIVITy 


M X S 


1 


55.35 






Within Replicates 


120 


445.41 





levels of independent 
Variables 


Mean 


Sign. 

Level 

<..01 


self-paced 

Mode 

fixed-paced 


74.39 

106.94 


isolated 

Setting 

group 


99-77 

81.56 


<•05 


self-paced 


71.66 




Mode 




N.S. 


fixed-paced 


67.48 




isolated 


68.72 




Setting 




N.S. 


group 


70.42 





N.S. 



I.S. 












80 surprising in this case, of course, since the fixed pace was designed to 
force most of these higli-IQ Ss to work faster than they normally would » While 
accuracy during the program was impaired signiflc(>utly, the impairment in Post- 
test and Retention failed to reach statistical significance. (See Tables 10 
and 11.) 

(h) Performance of varioiis subgroups among the speeded Ss - A more detailed 
description of the outcomes of the speeding strategy is provided hy the scatter 
diagram of predicted time vs. predicted achievement for the Ss who worked 
under fast, fixed-paced conditions. This diagram, displa^red in Fig. 7» permits 
observation of the effects of speeding for the various tyjses of Ss. It is 
evident that the vast majority of the group was indeed forced to work at a fas- 
ter than noxmal pace; predicted self-paced completion times were longer than 
127 mins, for U7 of 6U Ss. Furthermore, a substantial proportion of the group 
was predicted to be slow-working, high achievers under self-paced conditions: 
the type most likely to withstand speeding without performance decrement. A 
closer look at the diagram reveals that these types, falling in the upper, 
right-hand section of the diagram, withstood the speed-up without consistently 
tending toward achievement decrement. 

Unlike the situation observed for the slowed Ss there is an area of this 
diagram which displays a fairly consistent trend. Those Ss (to the left of 
126 mins.) appeared to suffer from the fixed pace which, for them, repres>^nted 
slowing rather than speeding. 

Two final sets of analyses were conducted for this speeded group r The 
first consisted of a series of t-tests of d5.fferences between predicted and 
obtained scores for that quarter (K = 16) of the group predicted to be the 
slowest-working, highest achievers. The second set consisted of similar anal- 
yses for the 17 Ss who were, in fact, slowed rather than speeded by the op- 
timal pace employed. 

The results of the t-test,s for the slow, high achievers, summarized in 
Table 12, were as follows: (l) The fixed pace was faster than thei.. normal 

pace (P <.0l), (2) they committed more errors than predicted (P < .01), 

(3) their posttest scores were somewhat, but not significantly, higher than 
predicted, and {h) their retention wasj a trifle lower than predicted. 
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ditions. Arrows end at actual pqsttest scores obtained. Fixed time provided 
(optimal pace) for all Ss was 126 mins. 
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results of the t-tests for all Ss whose predicted time was less than 
126 mins, are siumnarized in Table 13« The tests indicated that these Ss: 

(1) committed more than the predicted number of errors (P <.05), (2) achieved 
lower posttest scores than predicted (P <«0l)» and (3) achieved lower reten- 
tion scores than predicted (P <«05» not significant). 

Y.A. ^ ▲ ^l..S H X/\ 

XV wuuxu c txx vju vit^ oucul^o^o wu$^cuucx’^ vxiav x#uf; 

prospects for maximizing efficiencj through pacing are bri^ter than those for 
maximizing effectiveness. Witdi two iyaportant (lualifications, the forced speed- 
up appears to succeed in shortening learning time without performance decrement. 
The first is that the fixed pac^ must, in fact^ be faster than the normal pace. 
Those high-ability students who are slowed by this pace are impaired by it. The 
second qualification is that the speeding does take its toll in accuracy during 
the program, despite the fact “Hiat no particular deereEsent is noted in posttest 
or retention performance. 

Table 12 

Summary t-test Analyses between Predicted and 
Obtained Scores of Slow-Working. Achievers 

Grade 6 



Pependent 

Variable 


N 


It 


fd 


t 


Sign. 

Level 


Time (min.) 


16 


17*63 


1.24 


14.22 


<.01 


Errors 


16 


-32.88 


10.03 


-3.28 


<.01 4 


Posttest (^) 


16 


-4.81 


3.51 


- 1*37 


R.S. 

4 


Retention (^) 


16 


1.31 


4.51 


.29 


N.S. 


(-) sign indicates that obtained scores were greater than predicted 
.♦.scores 






Table I3 








/Summary t-test Analyses between Predicted and Obtained 
Scores of l4 Ss Whose Predicted, Self -Adopted Time wa?3 less than 126 min. 






Grade 6 








Dependent 

Variable 


R 


It 


fd 


t 


Sign. 

Level 


. Errors 


Ik 


-18.21 


7.78 


- 2-34 


<.05 


Posttest 


Ih 


5.86 


2.04 


2.87 


<.01 


Retention 


Ik 


5.58 


4.45 


1.25 


R.S. 


(-) sign Indicates that obtained scores were 


greater than predicted 



E 



scores 



o . 

me. 



ir 






iu. 



Summary; Grade 6 Experiment 

The overall effects of each independent variable; Pacing Mode, Adimia- 
istrative Setting and Ability, may be summarized as follovs; 

(A) Self-°pacing restilted in fewer Errors during the program (P <*05) 

rl Itr ^ M ^ mm 1 L. ^ 

^ ~ — WLOXJ^ JL^yJL WV o ViU^VfUCXU ^ UUV nO'U 

significantly, higher achievement as measured by Posttest and Retention Test 
scores. 

(B) Students who worked in group settings spent more time to complete the 
program (P <.05), and committed fewer Errors (P < .05), than Ss who worked 

in isolation. However, virtually no differences were observed between the two 
settings on either Posttest or Retention Test scores. 

(C) High-ability Ss spent somewhat , but not significantly, less time to 
complete the program than did low-ability Ss. However, they conaaitted fewer 
errors (P < .01), and achieved higher Posttest (P < .01) and Retention Test 
scores (P < .01). 

The results of the fixed-paeed strategy designed to force low-IQ Ss to 
slow down were as follows; 

(A) The slow fixed pace led to impaired, rather than enhanced performance 
as con^ared to self-pacing. Fixed-paced Ss committed more Errors (P < .01) and 
achieved somewhat lower Posttest (N.S.) and Retention Test scores (N.S.). 

(B) The distribution of predicted time vs. predicted achievement scores 
revealed that a substantial proportion of the fixed-paced Ss could be described 
as habitually fast-working, low achievers. However, a set of t-tests of the 
differences between predicted and obtained achievement scores revealed that 
even these Ss failed to perfom above their predicted self-paced levels. 

The results of the fixed-paced strate^ designed to force high-IQ Ss to 
work faster were as follows: 

(A) The fast fixed pace led to higher Error rates (P < .01), lower Post- 
test (N.S.), and lower Retention Test scores (T’T.S.)* 

(B) The distribution of predicted time vs. predicted achievement scores 
revealed that 17 of 6U were slowed rather than speeded by the fixed pace 



ei^loyad. Further revealed that the perfojn3&&ce of the U 7 speeded 

Ss was Bot, with the exception of Errors, iBqpaired hy the fixed pace. The 17 
slewed §8 , on the other hand, displayed substantial iiiqpainQent from the fixed 
pace* 
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GRADE 12 EXPERIMENT 



One of tUe principle concerns ©f this study was to coagpare the efficacy 
of the self-p^ing strategy and, consequently, the prospects for improving 
prograzmaed learning through externally controlled pacing — » at widely separ* 
ated grade levels* To this end, the ej^erinent conducted at Grade 6 was rep™ 

Heated at Grads 12. This second ezq^erinent is described in the following 
sections. 

METHOD 

Subjects 

The saomle of Ss who participated in this es^eriment consisted of 298 
twelfth graders. The san^le was drawn from four Pittsburgh area high schools, 
two public ard two parochial. 

Materials 

As in the 8ixth«grade study, two short preliminary lesscms were adminis* 
tered in the schools pzdor to the main experiment. A third, lozzger prograni 
was adfflinistcred under one of the severs?, treafesent conditions at ta ©xperi- 
sental site. Hew topics were uBcd fsr the twelfth*^rade prograais because the 
subject natter of sixth^ade programs was likely to be quite faiBilisr to 
the ol^r students* !Hie topics chosen for the twelfth«grade prograios, sub - 
atcoie particle behavior and relativity theory, were selected because it was 
felt that They could be progresssed for students of varying science back* 
grounds end yet represent new learning, even for students who had taken 
high**school physics courses. 

Prelim inary programs - Two progfasis bn the nature and behavior of sub^ 
atomic particles were administered to the entire sample in their classrooms. 
!Qi&ir purpose was to fa mi l iar ize Ss with the programmed format and to provide 
measures of students* characteristic, self-adopted work rates, error rates, 
and achievement levels on seXf«p&ced programs. Both programs were reproduced 
in hosdzontal-book format with three rows of frames per page and confirzeation 
frames on the following page. !Eie programs -« 93 and 72 frames long — were 
linear, requiring constructed responses, Sang>le frames sad achievement tests 
are reporduced in Appendix A. 
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All preliminary tests and programs %f9re administered to £s in their 
respective classrooms during three separate visits vhi<^ were spaced over a 
two-week period. ®ie preliminary procedure was thus very similar to that 
followed during the sixth-grade experiment. The general order and spacing of 
these sessions is indicated in Table 1^. While the order of administration 
was identical for all Ss, the intertask delay intervals varied so as to accom- 
modate scheduling requirements of the various s<diool3. 

Table lU 

Schedule of 12th Grade Preliminary Sessions 



Approximate 

Tasks Length of Session 

Pretests on Subatomic Particles I 1-1/2 hrs, 

and II 9 and Relativity Programs 
the Tinker Speed of Reading Test 



2-13 day delay 



2 Subatonic Particles I Pi^jgnun and 1-1/2 his. 

Posttest 



M. 

1 



3-13 day delay 

3 Subatomic Particles II Program and 1-1/2 hrs. 

and Posttest 



Experimental program - The program used during the esqperimental sessions 
was a 20h-frame lesson on Einstein’s Special Theory of Relativity. It dealt . 
with the following concepts: . frauds of reference, the constancy of the veloc- 
ity of light, the relativily of motion, time and distance, and some differences 
between Classical and Relativistic physics. Sample frames and the criterion 
test are presented in Appendix A. 

All three programs underwent several stages of revision on the basis of 
tiyoubs with twelfth-grade students* 

Experimental Design * 

The design of the Grade 12 Experiment was identical to that employed in 
the Grade 6 Sj^eriment. The saiople was divided into high and low-IQ levels 
and Ss were assigned randomly, within each level, to one of the four treatment 
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groups designated as: S/I (self-paced, isolated setting), S/G (self-paced, 
group setting), F/I (fixed-paced, isolated setting), and F/G ( fixed-paced, 
groi;ip setting), Hjis resulted in a 2 x 2 s 2 factorial design like the one 
described earlier and illustrated in Fig, 2, page 10. An ancdysis of vari- 
ance of IQ confirmed a highly significant difference between levels (P < .01) ; 

3 12 2- lov.TO ntAcm » i,Q2 (Bee Tables 13 and l4. Appendix B) . 

Ths independent variables were: Pacing Mode, self vs. fixed; Administra- 

tive Setting, group vs, isolated; and Ability, high vs. low IQ. 

The dependent measures were: nuaber of Errors committed during the 

program, Xmmedi.ate Fosttest, and Retention Test scores. For those Ss who were 
run under self-paced conditions. Time taken to cooplete the lesson was again 
free to vary as a dependent measure. 

Procedure 

The procedure ecployed during this experiment was very similar to that 
described for the sixth-grade e:q^eriment. All experimental sessions were con- 
ducted on Saturdays at the offices of A*1*R; the entire sequence required four 
successive Satxurdays for cospletlon, A detailed description of the procedure 
esployed under each condition is identical to the one summarized earlier for 
the sixth-grade e:cperiment. (See pages 11 and 12.) 

Selection of optimal fixed PEtces - As in the previous experiment, two 
fixed paces were selected as being optimal, one for the high and one for the 
Aow-IQ portions of the sau^le. They were selected on the basis of an inspev«~ 
tion of the scatter diagrams of time vs, achievement on the e^^erimentfel pro- 
gram, which were based on data obtained from the self-paced Ss during the 
first two weeks of the e:qperiment. The time vs, achievement data observed 
from the Ult low-IQ Ss who adopted their own pace (S/I. & S/G^ ) is given in 

~ MW JuOW 

Fig. 8. 

Inspection of the distribution in B’ig. 8 reveals a rather different situ- 
ation than was observed for Icw-IQ sixth graders, (See Fig, 3» page lU.) The 
slower-working twelfth graders did not tend to achieve higher posttest scores. 
Thus, it was not so clear that a particular slow pace might raise the achieve- 
ment level of these students. The point chosen as "optimal’* on the hypothet- 
ical parameter corresponded to 110 mins, on the time scale. This was the 
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''<83 test time in vhich a student of less-than-100 IQ vns able to complete the 
program and obtain maximum achievement which, in this case, vas 85 percent. 

Figure 9 displays the comparable scatter diagram for the hi^-IQ groi:^. 
Coniparing it with Pig. 8, it may be seen that O'^rerall achievement was higher 
for the high-ability Ss. The amount of time spent to complete the program 

^16 ni 0 di.s?i Itov high— Ss 62 siinsw vhlXs fcs* Icw-I^ Ss 
the median was 95 mins. It will be recalled that at Grade 6, the medisya time 
score was identical for both ability levels. Many of the high-IQ twelfth 
graders achieved posttest scores in excess of 90 percent, following a wide 
range of completion times. However, the minimum time which appeared nec- 
essaj.y to achieve 90 percent was only 60 mins, and this was taken to be 
’’optimal.** 



Having selected, the optimal total time to employ at each ability level, 
it was again necessary to distribute that total among the 209 frames of the 
program. ‘ As before, this was acconqolished by using the per-frame time data 
recorded from the 22 Ss, of each ability level, who worked under self— paced 
conditions in the isolated setting (S/I). The median time spent on each frame 
by t!ie self-paced §s was e^ressed as a proportion of the sum of all these 
medians. Five seconds were again allocated to 'ach confirmation frame, so that 
^proxlmately 17 minutes of the optimal total times were devoted to the check 
pages. The remaining time was distributed among the frames in the proportions 
calculated for ea4?h fra;ie frcm the data of the self-paced Ss. Times allowed 
per frame varied between 10 and k9 secs, for the low-IQ Ss, and between 3 and 
25 sees, for the bigh-IQ Ss, 



Conduct of the ilsaid-paced sessi*. >ns - On Saturday 3, all low-IQ Ss assigned 
to fixed-paced. Isolated amd fixed-paced, group conditions were run at the slow 
(llO mins.) fixed pace. The ^^^High were run on Satur- 

day at theJfast (60 mins.) pace. The details of these procedures may be 
found on page 15 where they are described for the sixth-grade experiment. 



All Ss were given the Re3.ativity Posttest as soon as they finished the 
program. The same test was administered for a second time as a measure of 
retention o Retention testing was conducted at the various schools during •two 
periods, 30-33 days following Saturday 1, and 30-33 deys following Satxirday 3. 
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Fig. 8* Scatter diagram of time vs. achievement on the Relativity 
Program for UU low-IQ twelfth graders who worked \mder self-paced 
c^ditions . 



I 




Fig. 9. Scatter diagram of time vs. achievemeijt on the Relativity 
Program for UU high-IQ twelfth graders who worked under self-paced 
conditions . 
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Because of adnlnietiratlYe difficulties » it was not possible to test eveiyone 
at equal delsQT intervals* Dils neant tbat for tbe Ss run-on Satur da ys 1 and 3^ 
the delay was 30-33 days, but for those run on Saturdays 2 and U, the delay 
was only 23-26 days* The average d«lay interval was thus conparable among both 
Setting and Pacing Mode conditions , but the hicdi-lQ» flved-paced group was 
tested systeiaaticadly sooner (three weeks vs* four weeks) than the low-IQ, 
fixed-paced group* Therefore, any superiority to be found for the hi^-IQ 
groins in Retention score may be partly attributed to the fact that they were 
retested sooner* 
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RESULTS 



The results of the twelfth-grade escperiment will be presented in a Kianner 
analogous to that eng?loyed to summarize the previous « sixth-grade eaqperiment. 
Separate sets of analyses will be described which deal with: (l) the overall 

mm j ^ n j /^\ _ • M* MM • M 

cuAu iwxjix vj ^ \ic^ i>ne specxixc exxcc'us or 
optimizing the pace for all low and high ability Ss, and (3) the effects of 
optimal paces on the particular subgroups of Ss hypothesized as most likely to 
benefit from that procedure. 

In addition to the summaries of twelfth-grade results, comparisons will be 
made of the results of the two es^eriments • The purpose of these comparisons 
will be to assess the role of grade level on the relative abilities of students 
to adopt work rates which are adaptive and, consequently, the degree to which 
programmed learning may be improved by externally controlled pacing for students 
at the lower and higher grade levels. 

The Overall Effects of Pacing Mode, Setting, and Ability 

The effects of each independent variable in the 2x2x2 factorial design 
(see Fig. 2, page 10) were again assessed by analysis of vrriance techniques. 

The es^erimental sample consisted of ll6 Ss with 22 replicates per cell. To 
test for the results of the random assignment of Ss to treatment conditions, 
anaijrses of variance were again performed on IQ, Pretest scores, and charac- 
teristic Work Rate (on the self-paced preliminary programs). These analyses 
are summarized in Tables 13-16 in Appendix B. As was the case in the sixth- 
grade experiment, the various groups appeared reasonably well equated on 
these measures. The high-IQ level was again different on Pretest and Work 
Rate than the low-IQ, The one significant failure of the randomization pro- 
cedure to equate the groups occurred on Work Rate among the high-IQ Ss. Table 
13-B reveals that a significant Mode x Setting x IQ interaction exists for 
Work Rate. Inspection of the cell means indicated that those high-IQ Ss 
assigned to the F/I and S/G conditions were slower 'Workers than those assigned 
to the S/I and F/G conditions. 

The dependent measures of primary interest are scores on Immediate Post- 
test and Retentdon Test as well as Errors committed during the program. Time 
to complete the program was again free to vary among the self-paced ^s • Four 
analyses of variance based on these dependent meEisures, are summarized in Table 1$. 
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(a) Pacing Mode (fixed vs, self) - From Taisia l6j it may be seen that fixed-* 
pacing resulted in more errors than self-pacing. The difference, in rates cf 
error, was 22 percent for fixed-paced Ss vs. 17 percent for self-paced Ss (P < ,01). 

The superiorily of the self-paced groups dwring the program was accoa^anied 
by somewhat higher Posttest and Retention Test scores. {See Tables IT and 18.) 
While the difference in Posttest means was not significant, that in Retention 
was significant beyond the .01 level. (See Table 15.) 

The effects of Pacing Mode observed at Grade 12 are thus qLuite consistent 
with those observed at Grade 6. Self-paced Ss at both grade levels were more 
accurate during the program and tended to perform better on criterion tests. 

At both grades, however, the differences between self and fixed-spaced Ss on the 
posttest measure failed to be statistically significant. Only at Grade 12 did 
self pacing lead to significantly better Retention scores. 

(b) Administrative Setting - From Table l6, it is evident that the setting 
in which the program was administered again had an effect on Errors . The mean 
error rate for the isolated Ss was 22 percent vs. IT percent (P < .01) for 
those who worked in gr’oups. (See Table 15.) 

As was the case at Grade 6, the superior accuracy of the grouped Ss during 
work on the program was net accompanied by a significant difference in either 
Posttest or Retention Test scores. (See Tables 15, IT, and 18.) 

Table 15 also summarizes the analysis of Time spent by the self-paced Ss 
in completing the program. As was the case at Grade 6, the group setting again 
led to longer completion times than occurred in the Isolated setting. The dif- 
ference in this case, 95 vs. 86 mins., is significant at the .01 level. (See 
Tables 15 and 19*) 

The fact that the isolated Ss adopted faster work rates is consistent with, 
and may .accoimt for, the fact that they were less accurate dturing the program. 

An alternative e:q)lanation might be that, since isolated Ss were much more 
closely monitored than were the grouped Ss, they had less opport\mity to read 
ahead and copy correct responses from confirmation pages. Although the grouped 
Ss were monitored, there was not an E for every S^ as was the case in the iso- 
lated situation. 
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Iteble 15 



AaMArles of Variance Analyses of 
four Itei^naeiit Measures: Grade 12 



(H - 176)1 



Loasim(F>^ 

aStATI\ITl 



RElATmilT 



misspnm 

mATimt 



TIME 

BEIATIVnY 



Mean 



source 


D.F. 


Sqtuures 


r 


Mode 


1 


1.18 


28.80»# 


Setting 


1 


.94 


28.00»», 


IQ 


1 


3.23 


81.00** 


H X S 


1 


.02 




H X I 


1 


.76 


18.50** 


S X I 


1 


.03 




H X 8 X I 


1 


•03 




Wllhin Replicates 


168 


.04 




Mode 


1 


58 ?.is 


2.34 


Settir<g 


1 


34.59 


- 


IQ 


1 


22185.22 


88 . 29 ** 


M X 8 


1 


.00 




M X I 


1 


*» 3.98 


«• 


8 X I 


1 


10.97 


- 


H X 8 X I 


1 


295.39 


1.18 


Vlthln Replicates 


168 


251.29 




Mode 


5 . 


2768.20 


9 . 24 ** 


Setting 


1 


611.27 


2.04 


IQ 


1 


27101.45 


90.44** 


H X 8 


1 


752.82 


2.52 


K X I 


1 


76.45 


. 


8 X I 


1 


439.11 


1.47 


M X 8 X I 


1 


477.83 


1.59 


Within Replicates 


l 68 


299.68 




Setting 


1 


2(291.36 


7.56** 


IQ 


1 


4131 . 91 


14.94** 


8 X I 


1 


8.30 




Within Replicates 


84 


276.60 





'■’signiflcano beyond the .05 level 
<»*Fignlf leant beyond the .01 level 



^Slnce Tine was free to vary only for ♦he self-paced conditions, 
the n for that analysis is 68 



•Ifeble li 

Baamory of Vusoibor of HIR 0 R 8 CMsitted During ^b» 
Relativity Prognui for Eech Level of Eseh Varl&blel 

(If - 176) 





Levels of Independent 
Variables 






Mean 


S.D. 


Sign. 

Level 


MODE 


, self-paced 

flxed-paced 






3h.z6 

70.58 


36.05 

31.94 


t.oi 




isolated 






70.3U 


33.14 


<.01 


sGsmuo 

group 






5U.60 


35.06 


IQ 


hi^ 

low 






«» 5.83 

79.11 


26.31 

34.65 


4.01 


^tal number of errors posaible ■ 325 
















Table 17 










Summary of Percentage PCteiTBSl' Scores 
for Each Level of Each Veuriable 

(H » 176) 








Levels of Independent 
Variables 






Mean 


S.D. 


Sign. 

Level 


KODB 


self-paced 

fixed-paced 






76.4? 

72.8a 


19.76 

16.^ 


H. 8 * 


isolated 

SEITZRd 

group 






74.18 

75.07 


19.26 

19.50 


B.S. 


IQ 


high 
. low 






85.85 

63.40 


U.I7 

19.28 


<..01 






Table I8 










Summazy cf Percentage RETEtmiON T^T 
Scores for Each Level of Each Variable 

(H - 176) 








Levels, ot Lidepandeat 

Vierlables 






Mean 


S.D. 


Sign. 

Level 


MODE 


self-paced 

fixed-paced 






62.05 

54.11 


£ .46 
21.38 


^.01 




Isolated 






56.22 


21.73 


«.s. 


sroup 






59.94 


21.68 


IQ 


high 

low 






70.49 

45.67 


15.35 

20.05 


<.01 








fi 



Table 19 

Summary of TBfS to Coo5>lete the Program 
{ih Mins. ) for Each Level of Each Variable 
(N » 88 ) 



Levels of Independent 
Variables 


Mean 


S.D. 


Sign. 

level 


nv.vn. isolated 

SEOIKO 


85.57 


l 8 . 4 l 


<.01 


group 


95.32 


17.26 




high 

IQ ^ 

low 


83.59 


14.83 


<.01 


97.30 


19.22 
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(c) Ability - Inspection of Tables 15-19 indicates that high-IQ Ss were 
again clearly superior to low-IQ on every ciependent measure* The difference 
in error rate was lU percent vs. 25 percent (P <*0l); in Fosttest, 86 percent 
vs. 63 ’'t'rcent (P < .01); in Retention, 70 percent vs. k6 percent (P <.0l). 

The direction of each of these differences parallels that observed at Grade 6. 

One major difference between the grade levels is in the effect of Ability 
upon Time to complete the program. It will be recalled that no significant IQ 
difference was observed for Time scores of sixth graders. In the case of the 
twelfth graders* however, the IQ difference was significant. From Table 19, 
it may be seen that low-IQ ^ upent a mean time of 97 mins, to conqolete the 
program vs. only 84 mins, for high-IQ Ss (P < .01), 

Only. one significant Interaction occurred in all these analyses: Pacing 

Mode X IQ in Errors. (See Table 15.) Briefly, this interaction indicates 
that while little difference in error rate existed bet^ieen self (23 percent) 
and fixed-paced (25 percent) low-IQ Ss, a fixed pace for high-IQ Ss led to a 
substantial increase in error rates, from 10 percent to 19 percent. Thus, the 
slowing of low-IQ Ss had little effect on their accuracy during the program, 
.whereas the speeding of high-IQ Ss caused a substantial decrease in tbeir 
accuracy. 

The overall effects of each independent varisible, then, are highly simi- 
lar at both grade levels. The one major exception noted was the difference in 
time taken to coa^Jlete the program between high and low-ability twelfth graders. 
It appears that self-adopted work rate is more strongly related to ability at 
Grade 12 than at Grade 6* 

The Effects of Slowing Low-IQ Students 

An evaluation was again made of the sloving-up strategy for low-ability 
Ss by variance analyses* The effects of the strategy on particular subgroups 
within the low-ability level were again assessed by a multiple prediction pro- 
cedure completely analagous to that described for the sixth-grade experiment 
(pages 23 and 24), 

(a) Analysis of variance results for low-IQ Ss - The varissace eaialyses for 
low-IQ Ss are summarized in Table 20, The means of each treatment group on 
each dependent measure appear in Table 21, 
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Table 20 



Sumsaries of ^joalyses of Varlaace of the 
Perfonsance of Low-IQ Tsrelfth Graders 
(K * 88) 



LOG 

ERRC^S 

BEIATIVITy 


Source 

Mode 
Setting 
M X S 

Within Replicates 


D.F. 

1 

1 

1 

JL 

m 


Mean 

Squares 

.02 

^31 

•05 

.03 


1 

9.56** 

1.57 




Mode 


1 


155.56 




PQSTT^r 


Setting 


1 


42.28 


«9 


KSIATIVITy 


M X S 


1 


150.28 






Withia Replicates 


ek 


380.82 






^fe>de 


1 


1882.37 


4.94* 


**ETEHTI0N 


Setting 


j. 


1043.28 


2.74 


.^EIATIVITY 


M X S 


1 


15.56 




— 


Within Replicates 


84 


381.24 





Thble 21 

Pe^cfot^naace gusaaarles of Treatment 
Groups of Trelfth Graders 

(N » 68) 



WRGRS 

RBIATiroy 



PosraiST 

BBIATIVOT 



SEMTOT 

BSIATIVm 



levels of Independent 
Variables 


ifean 




Sign. 

Level 


Mode 


self-paced 

fixed“paced 


70.47 

75.86 


K.S. 


Setting 


isolated 

group 


83.95 

63.75 




4.01 




self -paced 


64.72 






Mode 








N.S. 




fixed-paced 


62.07 








isolated 


62.70 






Setting 








N.S. 




group 


64.09 








self-paced 


50.30 






Mode 








<•0? 




fixed-paced 


41.05 








isolated 


42.23 






Setting 








R.S. 




group 


49.11 









These analyses reveal that the slowing strategy failed to enhaaice the 
performance of the low-ability students. On the cc.itrary, the direction of 
the differences favored the self-paced group on every measure, althou^ only 
the difference in Retention was significant (P < .05), 

The pattern observed among the low-ability twelfth graders is very simi- 
lar to that observed amoiig their counterparts in siscth grade. At both grade 
levels, the forced slowdown tended to degrade rather than to enhance their 
perfonnance. There appeared to be less decrement in accuracy during the pro«* 
gram among the older students, but somewhat more decrement in their retention. 
These minor differences aside, the strategy of prolonging their contact with 
each frame in the program appears to be equally imsuccessfui at Grades 6 and 12. 

(b) Performance of various subgroups among the slowed Sg - While the 
results of the variance analyses sionmarized above display rather high similar- 
ity between the two grade levels, a more detailed inspection of results for 
subgroups revealed some interesting differences. 

Figure 10 displays the scatter diagram of predicted time vs. predicted 
achievement for each of the low«IQ Ss who worked under the slow, fixed- 
paced condition. These data points represent estimated time and achievement 
scores which would have resulted had they worked under self«paced conditions. 
(The multiple regression analyses and predictor weights based upon 88 self- 
paced Ss are summarized in Tables 1? through 2U, Appendix B.) To each S*s data 
point is connected an arrow which leads to the actual posttest • score obtained 
by that S following the slow, fixed pace. The location of a data point re .als 
the work rate and acl ievemcnt pattern predicted for that S, had he been per- 
mitted to adopt his own pace. For exanq^le, points falling in the lower lefb« 
hand quadrant describe fast-working, low achievers. The direction of the arrow 
connected to each point indicates whether fixed pacing led to higher (upward 
arrow), or lower (downward arrow) scores than would have resulted from self 
pacing. 

The iaost apparent feature of the data appearing in Fig. 10 is the relative 
absence of cases predicted in the lower left-hand quadrant of the diagram; there 
were few Ss who could be characterized as habitual fast-working, low achievers. 
This situation contrasts markedly with that observed at Grade 6, where a sub- 
stantial number of Ss were predicted to be fast, low achievers (see Fig. 6). 
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Fig, 10 o Scatter dlagrain of predicted time vs, predicted achievement 
scores for lov-IQ Ss ’fho took the program ur*der *:.iow (llO minso) fixed- 
paced conditions. Arrows end at actual posttest ^^cores obtained. 

Regarding the direction of the differences, the general trend is for 
obtained scores to be slightly lower than predicted secres. This, of course, 
is consistent with tho analysis of varit^nce outcoiie; the slowing strategjr 
failed to enhance posttest scores. Further, that general trend appeared to be 
fairly uniform over the entire distribution with no particular subgroup bene- 
fitting from the sleswdown. 

Althoiigh few sti\dents could be eheraeterls-ed as clearly fast-working, 
low achievers, the ten Ss predicted to be the fastest-working, lowest achievers 
(had they paced themselves instead of having been slowed down by the fixed pace) 
were selected for further analysis. This is the group which wm hypothesized 
as most likely to benefit ,trom the slow, fixed pace. A reries of t-tests was 
conducted to assess the differences between their predicted and obtained scores 
on each measure. Ihe results of these tests appear in Table 22. These analy- 
ses indicate that: (l) the fixed pace (110 rains.) was indeed slower than their 

normal paces (P < ,01), (2) they comini tted a somewhat larger niunber of errors, 
(3) they achieved somewhat higher Posttest scores, but (U) significantly' lower 
Retention Test scores (P < ,01)* 



Table 22 



Summary t-test Analyses between Predicted and 
Obtained Scores of Jlast'-Working, Low Achievers . 

Greide 12 



Dependent • 
Variables 


N 






t 


Sign, 

Level 


Tna 


ir\ 


1 ry Off 


^ 1. 1. 










-A ( 




-JLii.Xp 


< .01 


Errors 


10 


-n. 8 o 


5*46 


- 2.16 


N.S. 


Post-test 


10 


- 3.90 


2.16 


- 1.81 


N,S. 


Retention 


10 


16 . 4 o 


3.87 


4.23 


< ,01 



* (-) sign indicates obtained score was greater than predicted 

score 



To summarize, the sti.-ategy of slowing twelfth graders failed to enhance 
performance even for the fastest-working, lowest-achieving members of the group. 
To this extent the Grade 6 and Grade 12 findings are g.uite consistent* At 
Grade 12, however, there are fewer candidates for this treatment. That is,, few 
low-achieving twelfth graders were habitually fast workers. 

The Effects of Speeding High-IQ Students 

The final assessment to be made of attempts to achieve an optimal fixed 
pace concerns the strategy of speeding high-IC> cwelfth graders. 

(a) C ovariance en^/ses results for hi^h-lQ. Ss - Because of the marked im- 
balance among high-IQ in Work Rate which resulted from the random assignment 
to treatment conditions (see Table 13, Appendix B), Work Rate (on preliminW 
programs) was en5>loyed as a covariant. S^jmmary analyses and adjusted means 
appear in Tables 23 and 24. 

From these tables, it may be seen that the rapid, fixed pace disrupted 
performance as ^sessed by all three dependent measures. All differences noted 
in the tables favored the self-paced group and every one was statistically 
significant. 

A significant interaction occurred in the Retention measure between Pacing 
Mode and Administrative Setting. This interaction, plotted in terms of cell 
means for adjusted Retention scores is disp..ayed in Fig. 11. The superiority 
















T^ble 23 

Summary Covariance Analyses . of the Performance 
of Twrelfth Graders. Work Rate (on preliminary 

programs) was ^iqaloyed as covariant throu^out. 

(N = 88) 



LOG 

ERRORS 

KJELA'iiViTI 


Source 

Mode 

■ Setting 
M X 8 

Within Replicates 


1 

1 

1 

83 


Mean 

Squares 

2.09 

•72 

.00 

.05 


F 

13 * 36 ** 




Mode 


1 


520.76 


4 . 34 * 


P0S5TES3? 


Setting 


1 


4.03 


- 


REIATIVITy 


M X S 


1 


i»o. 6 i 


- 




Within Replicates 


83 


119.97 






^K>de 


1 


979.91 . 


4.45* 


RETEKTIQJJ 


Setting 


1 


7*46 


, 


REIATIVITy 


M X S 


1 


987.62 


4 . 48 * 




Within Replicates 


83 


220.37 





Table 24 

Performance Summaries of lEreataent 
Groups of Hi^-IQ Twelfth Graders 
(N =« 88 ) 




Levels of Independent 


Adjusted 




Sign. 




Variables 


Mean 




Level 




self-paced 


31.39 








Mode 






<.01 


ERRORS 


fi 3 ced-paced 


60.27 






REIATIVITY 












isolated 


65.43 








Sfttting 






<.01 




group 


38.43 








se 3 .f-paced 


88.29 








Mode 






< *05 


rOSTTEI^ 


fixed-paced 


tj. 4 l 






REIATIVITy 


isolated 


85.44 








Setting 






fl ct 




group 


86.27 




il oQ • 




self-paced 


73.85 








Mode 






< .05 


RETENTION 


fixed-paced 


67.13 






REIATIVITy 


isolated 


70.11 








Setting 






R.S. 




group 


70.87 


















ia IKetentloa displayed 1?y the self-paced Sa is accoimted for coii5)lstely by the 
data for ao3f-p&ced Ss ^ho worked in the isolat e ! o^ttiug,. T^st is, the 
Retention means of“ the and eonditiw,>s ar? ;>raetically identicals 

whereas the Retention xsean of the oondition is st^steirtially higher 

whan that of ioplication seenis to be th'^t while speeding did 

impair performance across the bOE«*d, it was particularly disruptive of the 



An 



• 'W«. w «9 



in isolcttiou# CurAoUsiy^ this interaction 



pattern is almost identical to that detected among sixth graders who were 

\s®G Fig* 5s page 22), but appeared in no measure other than Retention 
at either grade level. 
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Fig* 11. Mode x Setting interaction in Retention 
scores adjusted for characteristic work rate. 

Performance of various subgroups among the speeded Ss - The scatter 
diagram of predicted time vs. predicted achievement for each hi^— IQ S appears 
in Fig* 12* It is evident from the figure that the optimal pace forced every 
S to work faster than he would have, if allowed to adopt his own pace. It is 
also evident that a fair number of high achievers were relatively slow workers 
(data points falling in upper . ight-hand portion of the diagram). 

The fact that more posttest scores vent down than vent (as indicated 
by the direction of the arrows) confirms that. the fast, fixed pace resulted in 
reduced achievement for this group bs a whole* From the upper right-hand por- 
tion c-f the diagram, it appears that the slow, high achievers displayed about 
as much reduction on posttest scores as all other Sfi., 
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Fig. 12. Scatter diagram of predicted time vs. predicted 
achievement of hlgh-IQ Ss who took the program under fast 
(60 mins.) fixed-paced conditions. Arrows end at actual post- 
test score obta5.n(»d. 

In order to asssess the effects of speeding upon this group, lU Ss 
were selected who were predicted to be the slowest-working, highest achievers. 

A series of t-tests were then performed to assess the differences between 
their scores obtained under the fixed-paced condition and their scores pre- 
dieted to have occurred if they had worked under self-paced conditions. 

These tests, sumarized in Table 2^, revealed that the fixed pace: (l) was 

indeed faster then their normal pace (P < .01), (2) resulted in commission of 
more errors during the program (P < .01), (3) resulted in lower Posttest 
scores (P < .01), and (^) led to a modest, but not significant, reduction in 
Retention Test scores. 

It seems clear, then, that speeding these students was not a successful 

/ 

strategy for optimizing learning since the rapid pace took its toll on every 
performance measure. The failure of the strategy cannot be attributed to a lack 
of slow-working, high achievers; there were fair numbers of such students in 
the twelfth-grade group. Even when considered by themselves, however, their 
performance decrements were pronounced. 
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Tfeible25 

Summary t-test Analyses bet'^feen I^edlcted and 
Obtained Scores of Slow-Working, Hi^ Achievers. 

Grade 12 



Dependent 

Variable 


N 




fd 


t 


Sign. 

Level 


Tioie 


l4 


26.66 


.80 


33.58 


<.01 


Eri*ors 


14 


-31.29 


4.92 


-6.36 


<.01 


Posttest 


14 


7.78 


2.66 


2.92 


<.05 


Retention 


Ik 


2.86 


3.81 


.75 


N.S. 



{— y sign indicates that obtained score was greater than predicted 
score 

It will be recalled that the speeding strategy appeared to be more suc- 
cessful at Grade 6, where the speeded Ss withstood the fixed pace without sig- 
uificant impaiment in criterion-test scores. The observed failure of the 
speeding strategy at Grade 12 would seem to indicate that these students are 
less amenable to speeding than are sixth graders. However, it is first neces- 
sary to consider whether the degree of speeding brought about by the particular 
fixed pace employed was the same at both grade levels. 

One way to quantify the extent to which students were speeded by the rapid, 
fixed pace is to express the difference between predicted and actual total time 
as a percentage of the actual time, resulting in a percentage speedup or time 
saved for each S, The mean percentage speedup for twelfth graders, calculated 
on this basis, was 26 percent. And, as noted earlier, it turned out that every S 
in the fixed-paced conditions was Indeed speeded. It will be recalled that the 
situation at Grade b turned out to be rather different. First, 17 of 64 Ss 
were not speeded by the fixed pace employed. Sven considering only those Ss 
who were speeded, the mean percentage speedup was only 13 percent. It is 
perfectly conceivable, then, that had the optimal, pace represented as modest a 
degree of speeding at Grade 12 as at Grade 6, the older students may not have 
suffered significant achievement decrement. 

Quite apart from the question of statistical significance^ the magnitude of 
changes brought about by fixed pacing at the two grade levels might be contrasted. 
Table 26 contains a summary of such changes at each grade level. Two kinds of 




eonparlson are mde: (l) between eelf-paced and flxed-paeed high-lQ Ss nijd 

(2) between “fee scorea predicted for- and actually obtained by the fixed- 
paced Sa. The numbers appearing in TSble 26 ej^ress the differace between 
the higher and lower scores as a percentage of the higher. For example, the 
mean Posttest score for higb-IQ sixth graders who worked under self-paced 

...MU *V*I AM \ a _ _ 

WOO li.w \DQc J.WJLC XX, pcEge ci/. roF iixea-pacea Bs, the mean 
was 67«^8. The difference, 4«l8, is 5*8 percent of the higher (71*66) score. 

I 

The perfonaance of the fixed-pae€?d s^ \ graders is closer to their pre- 
dicted performacce than to the performance of their counterparts who worked 
under self-paced conditions. Apparently the self-paced group, though quite 
similar in terms of IQ, Work Rate and Pret»est, contained somewhat higher 
achievers • 

!Rie magnitudes of decrement appear more similar on both beuses of com- 
parison among twelfth grade]*s. And, for the most part, the more extreme degree 
of speeding at Grade 12 resiulted in more pronounced decrements in performance, 
particularly in Errors. 

Te^le 26 

The Effects of the Speeding 
Strategy at (Srades 6 and 10 



Gmde 


Basis of 
Comparison 


N 


{lean Degree 
of 0pee<ilng 


Mean Increase 
in Errors 


Mean D^.crement 
in Bosttest 


Mean Decrement 
in Retention 




self vs. 
fixed 


128 


Uo6j& 


lAjJ 


5-8^. 


11.63^ 


6 
















predicted 






44^ 




2-77S6 




obtained 


64 


&{> 


403^ 


1.6^3^ 


2-79# 


12 


self vs. 
fixed 


88 


355S 


9256 


5.5!^ 


9*13^ 


predicted 

vs. 

obtained 


♦ 

44 


2636 


80^ 


7.13)S 


A 



(-) sign indicates that obtained scores were higher than predicted 
in this instance , 
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!Hi_e Relationships among Ability aad Fgrforaanc<( Measures at Grades 6 and 

In addition to the analyses previously described^ a conqslete matrix of 
correlations vas ca3.culated at both grads levels among all ability, preliminary 
program, and experiment al-program variables measured. In allj, 20 such measures 
Wv ' e obtained at each grade. The variables and complete matrices are presentea 
in Tables 25 and 26, Appendix B. Correlation coefficients obtained for 11 of 
the 20 variables are included in Tabli^ ^7^ nnT(mnT*A>tie> nna-e-f^ c<>*f>/3aai A 

and 12 are presented, side by side in Table 27, for ease of . conqaarison. 

Inspection of the table reveals some striking similarities and differences 
between the two grades. Some of the clearer similarities are the correlations 
between IQ and the program performance measures of Errors, Posttest , and Reten- 
tion which appear across the top row of the table. The influence of ability 
on performance seems to have been rather strong, and about equally so, both 
grade levels. Another inter-grade similarity is the nearly equal and quite 
strong inverse relationship (-.58 to -.75) between errors and achievement on 
all programs. This implies that accuracy during the program contilbuted to 
higher achievement on all programs at both grade levels. 

Further inspection of Table 27 reveels that sixth and twelfth graders dif- 
fer widely with respect to the verifies which are related to Work Rate. In- 
terestingly , individual Work Rate (measured by total time to coD^lote a program) 
was found to be highly stable during both preliminary programs at both grade 
levels. The value of for sixth graders was .775, for twelfth graders, .723 
(*>ee Tables 25 and 26, Appendi x E). On the other hand, characteristic Work 
Rate among sixth graders is less strongly related to IQ than is tlie ease among 
twelfth graders: -.38 vs. -.62. While it is not possible to assess the sta- 

tistical sigui.f:lcancc of the difference between these coefficients, it is 
reasonable to suspect that they arise from substantially different relation- 
ships between Work Rate and ability at the two grade levels. 

Further evidence of the disparate roots of self-adopted work rates at the 
two grade levels appears in the column under Time (to complete the experimental 
programs). At Grade 6, Time was related to IQ only to the extent r ~ 
while at Grade 12 this relationship was r *« -o6l. Similar inter-grade dif- 
ferences appear in this col\ann for the coefficients between Time and: reading 

speed, error rates during preliminary programs, a»id achievement rates on 
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prellffiiiAar/ . The esscept^ipn the elMlar^ high degree of correlation 

between work t'ates <m preliioittai^'kkd escpertentaX programs («,63 end .64) whids 
were px^esent at both grades. 

One final observation of interest from ^able 2T is the correlation be« 
tween corrected md uncorrected reading»speed scores. The extent to which this 
correlation fails to be perfect (l.OO) reflects the extent of hasty, and care- 
less performance during the Tinker speed of Reeidii^t: Test, mis test requires ^6 
read a two-sentence item and cross out the single word whic^ does not belong 
in thet context. Designed to be a pur® ‘*speed test,*^ its iteios are written so 
as to insure an extremely high probability of correct responding on each item. 
Simply stated 9 ev*>*ry item is very easy; the key word is cbviouBly incorrect. 
Because of this, little "power” e>osiponent remains, and the test neasures reel- 
ing speed, not comprehension. Therefore, errors c«n»itted during this test 
can be attributed to carelessness end haste, not to lack of ability to com- 
prehend. The correlation coefficient between corrected (nuid>er of items at« 
taunted minus number of errors) and uncorreeted reading speed for twelfth 

I 

graders was .99; for sixth graders it was only. .82. The difference between 
them (assessed by Z transfonaa'^i^ a; Guilford, 1956) is highly significant 
(P < .01). It provides further evidence that caroful reading and work habits 
more predominant among twelfth than among sixth graders. 

Consideration of the correlatior^d data obtained at the two grade levels 
leads to two clear conclusions. 5Sbe fii-st is that self-adopted work rate is 
a highly stable characteristic of individuals at both grade levels. The second 
is that, wMla the working speed which six^ graders adopt is not strongly re- 
lated to ability measures, the speed at which twelfth graders work coincides . 
rather closely with their abilities to read and leam. 




o 



The goal of programed in9tructi;',n is to provide an opportunity for 
individualized learning. Learning may be considered to be individualized 
when each student, with his own unique combination of knowledge, skills, and 

CtbiXli^iGS » 1.8 GfiSlblGd ilO n u>Vk4 ^Vk 

Shaping his particular entering behaviors into explioit criterion or exitting 
behaviors. Programmed instruction can, to a mu<^ greater degree than con« 
ventional instruction, provide a learning experience for each student which 
is unique to him as an individual. It may be unique in tersts of the kind of 
stimuli which are encountered, as is the case during branching or multiple- 
track programs, or in terms of the rate at which the stimuli are encountered, 

2S is the ctase during linear progremis, adiainistered under student-adopted 
pacing cond.. tions 4 

‘Due purijose of this study was to consider the efficacy of the second of the 
the two individualizing strategies, that of perraitting the student to progress 
throxi^ a 3J.near program at a pace which he adopts. To be effective, this 
strategy requires that a student can, in fact, adopt a work rate which is adap- 
tive, that is. a work rate which is a function of his imique stoility-determined 
needs and pace which results in optimal, learning. Learning be considered 
optimal when msjdmian achievement is reached in minimum time. 

The efficacy of administering programs under self-adopted pacing condi- 
tions w^ evaluated in the present study in several w^s. The first was by 
considering the determinants of self-adopted work rate, the extent to which 
work rate is stable, the extent to which it is related to ability, and the 
extent to which it may be modified. The second concerned the consequences on 
performance effectiveness and efficiency of either fast or slow work rates. 
Attention here was directed tow’ard students who adopt fast work rates even 
though they commit large numbers of errors and fail to achieve high criterion- 
test scores, and to those students who adopt slow work rates while committing 
few errors and achieving high criterion— test scores. Self-adopted work rate 
is ^Judged to be non-adaptive for the former students, since it appears to be 
too fast to permit them to learn effectively, end ncn-adaptive for the latter, 
since they appear to be working slower thari is necessary, hence inefficiently. 



PiaaXly, an evaluation was aafie of the possibility of ia^roving the learning 

of both types of non-adaptive self pacers by controlling their pace externally,, 

3 his «,,xea-paced strategy was designed to force the fast-working, low-achievers 

to wor* more slowly, and the slow-working, high-achievers to work more rapidly. 

All three considerations, the antecedents of work rate, its consequences, md 

the remedial efficacy of fixed-paced instruction, were investigated at both 

o ana ±i£ so as to deteraine the extent to which students at different 

academic levels differ in their ability to adopt a work rate that optimises 
learning. 

Self-Adopted Work Rates 

sajor assumption underlying the strategy of self-paced administration 
of programs is that the rate at which a student works accurately reflects the 
amount of time which Is necessary for him to respond correctly. It is e3q)ected, 
therefore, that during work on a program with a given rate of lesson development 
less capable students will adopt slower work rates than more capable students. 

If a strong inverse relationship is found between ability and time to complete 
the program, this could be taken as evidence that the self-pacing strategy is 
providing optimal learning. Able students are using their time efficiently, 
while less aile students are spending the extra time they require. 

j to rk rate and ablligjr ^ - As discussed earlier, previous studies aU agree 
that prog: am completion time is inversely related to ability variables, bat 
disagree as to the magnitude of this relationship. It was hypothesized that 
the degree of this relationship msy vaiy as a function of grade level: the 

work rates of younger students may be less related to ability than is the 
case for older students. 

The results of the present study tend to conttim that hypothesis. While 
work rate, as measured by program completion time, was found to be inversely 
related to ability at both Grades £ and 13 , the magnitudes of the observed re- 
lationships were rather different at the two grades. At Grade 6, the correla- 
tions between work rate and IQ were: -.38 for preliminary programs, and -.14 

fof the Electrical Circuits Program. At Grade 13 , the correlations between 
wors rats.ajid IQ were: -.63 for prellminaiy programs, and -.61 for the Rela- 

tivity Program. These findings are consistent with the hypothesis that self- 
adopted work rate is more closely related to ability among older student groups. 



A recent study by Gagne and Gropper (1965) includes correlation coeffi- 
cients between IQ and program completion time among ei^th graders. The 
average of six reported coefficients (three separate groups on two separate 
programs) was calculated (by Z transformation) to be This compares 

closely to the average r = -,38 observed for eighth graders by Kress and 
Gropper (1964a) and -.14 to -.38 observed for sixth graders in the present 

- Another recent so,urce of evidence bearing on the relation between intel- 
ligence and work rate was presented by Klaus (196U), who reports significant 
differences in time to complete a program and also time-per-frsae measures as 
a function of IQ level: the higher-lQ Ss adopted faster work rates on two 

programs of varying step sises. His sample was composed of 192 male, high- 
school students over 16 years of age The Klaus finding is consistent with 
the significant effect of Ability on time to eaaplete the Relativity Program 
observed in the Grade 12 Ejqperiment of the present study. At Grade 6, on the 

other hand, the difference in time to complete the Electrical Circuits Program 
between higl: and low ability ^s was not significant* 

The available evidence on this issue is by now substantial and points, 
fairly consistently, to the conclusion that self-adopted work rates become more 
a function of abilitgr at the higher grade levels. It remains a question, how- 
ever, whether this change occurs as a, function of changes in student work 
habits as they progress through grade levels, or :diether it simply reflects 
attrition in the ranks of fast-working, low abiUty students. It is possible 
that work habits become modified as students experience success or failure fol- 
lowing particular rates of work. Certainly, there is ample time for work habits 
to be shaped toifard more adaptive patterns between the sixth and twelfth grades. 
On the other hand, it may well be that the low-ability students who erijibit 
habitual, • rapid, non-adaptlve working styles in the sixth grade simply fall 
ever to become twelfth graders. They may, by that time, either have quit school 
or been placed in special classes. The available evidence does not permit a 
choice between these two possibilities. 

Stability of work rate - The present study adds further support to pre- 
vious findings that self-adopted work, rate is a highly stable characteristic 
of individuals. Work rate, on two programs, w^ found to be consistent among 




both sixth (r = <,7’8) and twelfth graders (r = .72). This finding was consis- 
tent with the Kress and Gropper (I961*a) report of stable work rates among 
Eighth graders (average r » .80). It appears, therefore, that one of the major 
determinants of a student's self-adopted work rate is his habitual style of 
work. 

A similar^ high degree of stability of response times has been found in 
a somewhat different conte: 1. Kar^an, Rosroan, Day. Albert, and Phillips (1964) 
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native solutions (as iaeas\ired by respv/ose time) when several response alter- 
natives are simultaneously available. Students (from grades 1-4) were found 
to be habitually ’’reflective" (long response latencies) or ’’impulsive” (short 
response latencies) during a variety of such tasks. These investigators cite, 
as possible determincuits of the disposition to be a reflective or an impulsive 
responders constitutional predispositions, degree of task involvement, and 
anxiety over task con^etence. They indicate, furthe: , that these dispositions 
tire orthogonal to verbal skills. 

The task of responding to the frames of a program appears to bear seme 
similarity to the tasks employed by Kagan, et al. During a program, the stu- 
dent must choose a response from alternatives which are available either on 
the page, or in his verbal repertory. It would certainly be of interest, in 
future research, to determine the relationship between Inuividual work ^ate 
during programs and the reflectivity-impulsivity dimens iori; both are measured 
by response latencies mid both display unusual stsUiility over testing periods 
and tasks. Moreover, both appear to be in^ortant determinants of the '’**<lity 
of performance. 

Work rate and administrative setting -> Frye (19^3) reported that work 
rates during a program may be affected by student recogni.tion of certv^'ln com- 
petitive aspects of a group situation. It was observed informally during the 
Kress and Gropper (1964a) study that students attended tc the observable pro- 
gress of their peers and appeared to adjust their work rates in response to it. 

In the present stuoy, programs were administered to students working either 
in isolation from, or in the presence of, a group of peers. This difference in 
administrative setting was found to affect self-adopted work rates at both grade 
levels. In each erse, the isolated students adopted faster work rates. It 
seems clear that the rate at which students choose to work can ba modified by 
situational variables. 




The finding that the gronp setting led to vork rates that were slower 
than resulted fa’om the isolated setting was not consistent with the Kress and 
Gropper (l96Ua) observations of group influence on work rates. It ws^ expected 
that seeing peers work fast in the group setting woiad tend to speed up the 
slower students and produce faster work rates than would be found in the iso-* 
lated setting. Contrary to expectations, the presence of peers apparently led 
to slower work re.tes 'hhn.n nn-hA*^ nmnnfr -f-VtA A 
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ajaount of anxiety was manifested by isolated Ss, particularly during the Grade 6 
Es^erixaent, concerning the whereabouts of friends with whom they had arrived ^ 
There appeared to be some concern over being ’’left behind.” Considering that 
the task was rather long ar*d that the environment was uafzimilar, it may have 
been more reassuring than distracting, in this instance, to observe the progress 
of others. While it is difficult to determine the extent to which this effect 
is limited to the particular situations employed in these experiments, as com- 
pared with in-school situations, it does appear that situational factors can 
affect self-adopted work rates. 

The observed stability of work rate at Grades 6 and 12 indicates that both 
groups of students possess working styles which are consistent even thou«^ they 
are subject to modification by situational variables. However, the rates at 
which younger students habitually work on a program are only modestly related 
to ability variables. Habitual work rates of older students, on the other hand, 
are rather highly related to their ability. The determinant^ of work rate thus 
appear to be different for students of different grade levels. 

The first assumption of the self-pacing strategy appears to be better 
.Justified at higher than at lower grade levels. The work rate adopted by a 
twelfth-grade student is much more likely to be a function of his unique 
abilities than that adopted by a sixth -grade student. That is, the twelfth- 
grader’s rate is more likely to reflect the amount of time which is necessary 
for him to respond correctly. The conseq.uences of this situation are con- 
sidered in the following section. 

Consequences of Self-Adopted Work Rates 

From the foregoing, it appears that self-adopted work rate during pro- 
grammed instruction has different correlates at different grade levels. This 
finding, by itself, does not provide an evaluation of the seif-pacing strategy 
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at the two levels# To do so, we must consider the consequences of self-adopted 
work rates# Does self pacing permit students to learn effectively and effi- 
ciently? 



An answer to this question was sou^t in the present study hy observation 
of the relative proportions of students whose self-adopted work rate and achieve- 
ment patterns deviated from effective or efficient learning patterns. For 
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was taken as evidence that the self-pacing behavior of a student is not con- 
sistent with learning effectiveness. A relatively slow work rate accompanied 
by relatively high achievement was taken to be inconsistent with learning effi- 
ciency. The greater the number of students who display either of these patterns, 
the less promising does an instructional strategy calling for self pacing appear. 



Kress and Gropper (l96Ua) observed that the self-pacing strategy resulted 
in non-adaptive patterns of both types, i.e., fast-working, low achievers and 
sloTisr-working, high achievers, at Grade 8. The work rate and achievement patterns 
observed in the present study revealed a similar situation at Grade 6, About 
as many lower achievers adopted fast work rates as adopted slow work rates. 
Likewise, among higiier achievers there were neai’ly equal numbers of fast and 
slow workers# Among twelfth graders, on the other hand, non-adaptive patterns 
were not much in evidence: few low achievers were foxind among the faster work- 

ers, and few high achievers among the slower workers. 



The correlation coefficients between time teJcen to complete the eacperi- 
menbal lesson and scores on achievement tests also reflect the difference ob- 
served between sixth and twelfth graders. At Grade 6, the correlation coefficient 
between time and posttest was -.03; between time and retention, .OJ*. Both indicate 
that variation in self-adopted work rates was unrelated to variations in achieve- 
ment. At Grade 12, the analogous coefficients were: -.38 (between time and 

posttest) and -.31 (between time and retention). At Grade 12, the students who 
adopted faster work rates tended to be higtier achievers. These correlational 
data, of course, verily that non-adaptive patterns of work rate and achievement 
Were less in evidence among the older students. 

Tlie assianptions underlying self-paced program administration appear to be 
much less justified at Grade 6 than they are at Grade 12. Sixth-grade students 
work on frames at rates which bear little relation to their ability and which. 





In many instances, preclude optimal learning. Too many lov i^chievers work 
quickly despite their obvious lack of successful responding* Knoirledge that 
they are incorrect, as provided by check pages , appears ineffective in modifying 
their hasty approach to each frame. By the same tokens many high achievers 
spend more time than may be necessary considering other students of like ability 
who achieve as well in lass «ime. An alternative to self pacing would thus 
seem to be in order for non-adaptive self pacers of both types, parti cuiary at 
the sixth grade where sc many students demonstrate a need for it. 

The Remedial Efficacy of Fixed-Paced Instruction 

If it is true that some students, particulai’ly younger students, fail to 
adopt work rates which are consistent with their ability and which appear 
responsible for less-than-optimal learning then remedial treatment appears 
necessary for these students. A major purpose of this study was to evaluate 
the efficacy of one such treatment, that of forcing students to work at an ex- 
ternally-controlled pace which is designed to coincide, more closely than does 
their habitual self-adopted work rate, with their shill ty, 

Two types of externally-controlled, fixed pacing were evaluated.. The 
first was designed to inqorove learning effectiveness by forcing fast-working, 
low achievers to work more slowly. The second was designed to force habitually 
slow-working, high achievers to work more rapidly without achievement decrement 
(hence more efficiently) . 

The strategy of administering programs at a slow, fixed pace - The results 
of the experiments at both grade levels indicate that programmed learning is 
not more effective when low-abili'^ students are forced to spend more time on 
each frame of the program; this strategy failed at both Grades 6 and 12. The 
Grade 12 result was not surprising since a forced slowdown was not really in- 
dicated for twelfth graders. Their self-adopted work rate eund achievement 
patterns were such that failure to achieve among these students could not very 
well be attributed to failure to spend adequate time on the program; low 
achievers tended to be slow workers. 

The failure of the strategy at Grade 6, however, cannot be attributed to 
an absence of candidates for remedial treatment. Many sixth gradei^ persis- 
tently adopted fast work rates despite high numbers of committed errors and 
subsequent low scores on achievement iests. If a forced slow pace were to 








benefit f^t-wcrking, lovf achievers, the benefit woidd likely arise from the 
extra reading time prior to construction of responses and, perhaps., from extra 
rehearsal of correct responses. Reports from the sixth-grade monitors de- 
scribe a different pattern of behavior during the slo^ fixed-paced sessions. 
Students in this condition apptarently tended to respond quickly, veil before 
the fixed interval had elapsed, and then simply waited until instructed to 
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one might also e:qpect that the student would gradually expand his working time 
to more nearly fill the fixed interval allotted to each frame. However, these 
students persisted in their rapid response patterns. These reports imply that 
a substantial portion of the allocated time was simply not spent in task- 
related behavior. 

This outcome was different from an experiment reported by Kress amd Gropper 
(1964b) in which the adminifctrafdon of a program at a slow, fixed-pace led to 



fewer errors and higlier achie’rement than resulted from self-paced administra- 
Mon. However, their observations were restricted to students (eighth graders) 
who, on previous self-paced programs, had demonstrated themselves to be rela- 
tively high achievers. So that, while the observed superiority of fixed pacisig 
was unexpected^ Kress Gropper suggested that even larger gains might be 
possible among students who achieve poorly from self-paced programs® Tliere was, 
of course, more room for improvement and, perhaps, better reason to e^ect it 
among the slowed sixth graders of the present study. The fact that no such 
improvement occurred implies that more potent techniques for slowing them down 
are necessary. 




It seems clear that greater control must be exerted over the attending 
behavior of fast-working, low achievers. Strategies are needed which either 
modify the habi.xual working styles of such students or which modify the be- 
havior of these students during a program upon which progressing to sack new 
frame is made contingent. The most direct solution for the successful admini- 
stration cf programmed instruction would appesr to be found in the latter. 

When s student commits an error he could be required to do something more than 
glance at the check page before going to the next frame. As si^ggested in an 
earlier paper (Kress and Gropper, 196Ua), this might range from simply requiring 
the student to acknowledge wit^ an X on the confirmation page that his answer 




was incorrect, to requiring that the frame be repeated until he responds cor- 
rectly. Whatever the retjuirement may be, the modification of careless working 
behavior calls for more than the single provision of extra time diwing which 
the student may or may not spend the extra time appropriately. 

The st rategy of administering programs at a fast^ fixed-pace - The strategy 
of speeding higli— ability students so as to optimize their learning efficiency 
was no more successful at Grade 12 than the slowing strategy; twelfth graders 
displayed substantial imp&iri&snt on all performance variables. Such a stra- 
tegy} at the fixed pace employed (average speedup over self pacing was 26 per- 
cent), thus fails to enhance learning efficiency at Grade 12. However, in 
view of the demonstrated ability of twelfth graders to adopt a pace, for them- 
selves, which is consistent with effective and efficient learning, the failure 
of this fixed-paced strategy seems of small consequence. 

The outcome of the speeding strategy at the sixth grade is less simple to 
evaluate. The fixed pace employed did not represenc a very great speedup over 
their predicted self-adopted work rates. In fact, for 17 of the 64 students 
observed, it represented a slower-than-normal pace. Curiously, most of the 17 
displayed performance decrement. The 47 who were speeded, on the other hand, 
finished the program with leverage savings in time (compared to self pacing) 
of 13 percent without significant achievement decrement. The only performance 
decrement observed for them was in increased eiror rates during the program, 
ihus, it appears possible to improve learning efficiency for some sixth graders, 
but oniy if the imposed fixed pace is at least as fast as their self-adopted 

The fixed'-pacing strategy appears to remedy too-slow work rates among 
sixth graders while failing to remedy too— fast work rates . The imposition of 
a rapid pace is, of course, a very different operation from the imposition of 
a slow pace. The failure of the latter was attributed to its inability to 
force fast workers to modify their customary behavior. The rapid pace, on 
the other band, much more directly forced slow workers to modify their ci^tom- 
ary behavior. They simply had no opportunity to spend relatively long periods 
of time on each frame. While numerous alternatives appear better suited to 
foster more deliberate work habits among careless workers, it is difficult to 
specify a more direct method to heighten efficiency among deliberate workers • 




A word of caution is in order regarding the forced speedup strategy* Since 
it did lead to the coramission of greater numbers of errors during the program, 
such treatment might be expected to lead to ur*desirable side effects. However, 
the interpretation of errors as a measure of performance in fixed-pacing situa- 
tions is risky since a rapid pace may preclude the construction of responses 
which could be made but for the shortage of writing time. Ihe dramatic rise in 
errors may thus be laraelv an artifn.r*f. nf •Mine r%aY*4‘-t 
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may not indicate iailure to form a correct response so much as lack of time to 
write i t out • Moreover , the allocation of more time to overt responses rather 
than to complete, covert responses may result in a larger number of completed 
blanks but less learning, and therefore, be a poor strategy. Ultimate judge- 
ments about forced speeding strategies should be based upon observations of its 

effects on long-term retention, transfer, student attitudes, and on subsequent 
self-adopted work rates. 



It should be pointea out that this study provides only a limited assess- 
ment of the remedial value of extemsdly-controlled pacing. The complet 
times chosen for the fixed paces, the tempos en^Jloyed for frame presen- ,ic' 
were arbitrary. They were limited to two tempo levels: one designed tv 

down most low-ability students, the other to speed up msz high-ability students, 
While the slowing strategy seemed clearly ineffective, the speeding strate^ 
appears to have some merit. Sixth graders did withstand an average speedup of 
13 percent without marked achievement decrement. Although twelfth graders did 
not withstand the speedup which, for them, turned out to average 26 percent, • 
it is perfectly possible that they mlgiit have absorbed a less severe speedup 
without achievement decrement. 



A final point which should be borne in mind concerns the programs which 
were employed to assess the effects of pacing. Both the Electrical Circuits 
Program (Grade 6) and the Relativity Program (Grade 12) underwent a series of 
student tryouts and subsequent revisions prior to their use in the experiment. 
On the basis of tryout data both were Judged to be reasonably effective. How- 
ever, the experimental samples displayed error rate and achievement scores 
which were more variable than w^ expected to arise from self-paced administra- 
tion, Moreover, achievement was IQ-related on both programs. Conclusions 

from the present study are, of course, limited to materials of the general type 
employed here. 
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Conclusions 



The results of the present study together with those of previous studies 
cited suggest several conclusions with respect to the efficacy of instructional 
strategies calling for student-adopted and externally-controlled pacing. 

The assumption that self-adopted vork rate coincides with student ability 
appears to be well founded among upper-classmen in hi^ school and among college 
students. Consequently, self-paced program administration appears to optimize 
both learning effectiveness and efficiency among these students. For them, 
self-pacing seems clearly preferable to the fixed-paced strategies eu^loyed in; 
this study. 

Among younger students, specifically sixth and eighth graders, self-adopted 
work rates neither coincide well with ability nor do they lead to learning which 
can be described as optimally effective or optimally efficient. Substantial 
numbers of these students demonstrate a need for remedial treatn^nt by their 
uon-adaptive work rates. High achievers at Grade 6 can, in some instances, be 
forced to leam more efficiently by simply forcing them to encounter the frames 
more rapidly through a controlled pace of program administration. On the other 
hand, low achievers at Greuie 6 do not leam more effectively when forced to 
spend more jtime with the program by the inqposition of a slow, fixed pace. This 
does not, of course, indicate that they should be permitted to adopt their own 
pace. It indicates, simply, that the particular strategy assessed in this 
study, providing additional time during each frame, is not an effective remedy 
for their problem. 

The maladaptive patterns of work habits observed in this study mey very 
well be characteristic of students who have been described in other contexts 
as '*under-achievers . ” Both students who leam less and students who leam 
more slowly than would be predicted on the basis of their ability are display- 
ing under-achievement. 

The fast-working, low achievers observed at Grade 6 displayed an habitual 
approach to programmed learning which appears be related to what Kagan, et al 
(I96U) have called ”in5>ulsivity.” The prevalence of such a working style among 
younger students end Its stability over time and across tasks suggest it is a 
performance dimension which may have detectable effects in many different tasks. 



It vould Tbe of Interest in future research efforts to study the generality ef 
inappropriate self-study styles to tasks other than instructional programs* 
Further, it would be of interest to determine the stability of such styles 
over longer periods than are covered by existing studies* !]Qiic determination 
would reveal whether such students gradually develop more appropriate habits 
by the time th^ reach the higher grades or whether they drop about before • 
ever reaching them. Finally, if under-achievement can be traced to an orderly" 
performance dimension, the develOTOoent of rened}.ai strategies which foster more 
successful self-study habits would be both feasible sad potentially rewarding* 
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SIXTH-GRAnE PR0C51AM SAMPI3BS* 



FORCE & MOTION PROGRAM 
(san^le frosies) 



kk. 

Tbese tvo men are pulling a^ingt each 
other with the same amount of force . 
What will happen to the wagon? IT WILL 
STAY WB^ IT IS. (REMAIN AT RES^ 
W(^*T START TO MOVE . 




k3. > 

^ese two men are pushing against each 
other* What will happen to wagon? 
IT WILL REMAIN AT P^T* (iT WON*T 




k6. 

The wagon which will remain at rest is 
wagon B. Wagon A will start to movco 



47* 

Forces A and B both act toward the box* 
But since force A acts to the right and 
force B acts to the left, we say that 
they act in OPPOSrfS directions. 




48. 

Both forces act away from the box^ A to 
the left, B to the right. Forces A and 
B act in OPPOSITE directions. 




1 ^ 9 . 

The forces acting in opposite directions 
are shown ia B. The forces acting In the 
same direction are shown ia A. 




A b 



50. 




This wagon will remain at rest because the 
two forces are EQUAL in strength and act 
in OPPOSITE BIRECTIONS. 




u 



Subjects were respired to make constructed responses for all frames* The san^le 
frames rep 3 toduced here are those which were presented to them as confls^tion frames 
after they had mde their own responses. The correct constructed responses ajopear 
in capital letters. 

A-1 



o 




ATOMIC STRUCTURE PROGRAM 
(sample frameis) 



51 - 

If we took a closer look at one atom of 
this gas, ve wmild see that it has MORS 
THAN ONE part/ 




Gas 




52 . 



Atoms look something like the solar system. 
Just as the center of the solar system is 
the sun, the center of aji atom is the 



NUCLEUS. 




5 ^. 

The boy in #1 is spinning a stone at the 
end of a string. Tie stone moves in a 
patli or ORBIT around the boy. Similarly, 
the part labelled (e) in #2 moves IN M 
QREn* AROUND THE NUCLEUS. 





55 . 

^flie snail part orbiting around the nucleus 
is called an electron. Label the two 
pairbs of the atom. 




53 . 




Planets move in paths, called orbits, 
around the sun. In this atom, ve can 
see some particles moving in PATHS 
(ORBITS) around the NUCIEUS . 







solar system 




This atom has two EIECTROKS. Describe 
how they move. THEY (BOH!) M0? E IN PAIRS 
(OR ORBITS) AROUND THOB MUCIEJS . 




atom 



F^ECTRICAL CIRCUITS PROGRAM 



/ Qotm\T o 



4WI \ 

A acmu^o f 



25. 

Charged particles act like the poles of a 
magnet. TVo different (unlike) poles at- 
tract, or pull toward, each other. Sim- 
ilarly,^ two differently charged (unlike) 
particles will ATTRACT each other. 



29. 

Two negative charges will move AWAY FROM 
each other, but a negative charS^sl^ 
positive charge will move TOWARD each 
other. ' 




g u rT iivmarm 



® © 



S6. 



Two same (like) poles of a magnet repel, 
or push away from, each other. In the 
same way, two particles with the same 
(like) charges RBEEL each other. 




27 . 

An electron is repelled by another nega- 
tive charge, ’but is attracted by a pos- 
itive charge,. Particle' B will move toward 
particle C and away from particle A. 

00 ©’ 

ABC 



28 . 



Because they are alike, these two negative 
charges will move APART, 

0 0 

and Idiese ti/o positive charges will move 
APART, 

(±) (±) 



30 . 

Write Attract beside the charged particles 
that will move together. Write Repel be- 
side the charged particles that will move 
apart . 



© 


0 


ATTRACT 


2. @ 


0 


REPEL 


3.0 


© 


REPEL 


k. 0 


© 


ATTRACT 



31 . 

This charged particle will be attracted 
A POGITIVfi CHARGE ana:repelled bv A 
NEGATIVE CH^GB (ELECTRON) . " ” 



32 . 



Draw two cha^ied particles which move 
n,way from each other. 



Em 

Of? 



W2 

HI} 



Draw two charged particles which move 
toward each other. 






OR 



'WT'B'rmDYOAT r*TDr»TTTmcs Tior\rroA\ii 

jbxtjbv<r»jk< AX\\f\JX\rui’i 



(sample fraoies) 



178. 



Adding resistance in series, adds to the 
n\uaber of collisions the electrons have 
with obstacles. The circuit with more 
opposition to electrons is circuit A. 




3X1 




A 



E> 



179' 



When resistance is added to a series clr« 
cuit, current flow DECREASES because the 
electrons have MORE collisions with ob- 
stacles . 



180. 



Each time we add a new resistance in a 
series circuit, the current flow is 
DECREASED. 



ZSL 






ZfX. ZSL 



ijbAS^P^ 



^1^ 



^AMPS) 



UV 



av 



l8l. 



Why is current reduced by the addition 
of resistances in a series circuit? 
BECAUSE THE ELECTRONS HAVE MORE OBSTACLES 
TO COLLIDB Wm (because IT ADDS TO THE 
NUMBER OF TSINGS THE ELECTRONS BUMP 



INTO) , 



A-h 



182. 



The circuit which provides more separate 
paths for electrons is the PAPAT.TjRT, 
circuit. 



The one which crowds the elec- 
trons into one path is the SERIES circuit, 

2X1. 





I 



resistances con- 
nected 3n series 



resistances con- 
nected in parallel 



183. 



The series connection of a pair of resis- 
tances leads to MORE collisions than the 

(^irrent is reduced 



para31el connection. 
more by the SERIES connection. 





resistances con- 
nected in series 



resistances con- 
nected in parallel 

(Count the Number of Collisions) 



l81^. 



Why do fewer collisions occxir in the 
parallel circuit? IT PROVIDES MORE PA3HS 
FOR THE ELECTRONS (Ft’'*'.TR 0NS ARE lESS 

crowdedIl 



EJX 



%r 




resistances con- 
nected in series 



resis'bances con- 
nected in parallel 




hffliifflifflifff 
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Name 



test 



ScLool 



Date 



FORCE- 



1» Any single force may be one of twp basic 'tj^es. The two types are; 

1 . 

2 . 



2. In order to describe a force fully, two facts are necessary. They are: 

1 „ 

2 . 



3. What can we say about gravity idien we Imow that a suitcase weii^s 37 lbs. 



h. Suppose ydu were asked to aLpply tWo ^(2) separate tfe car below such 

that the cart will stay exactly where it is. Neither force may be downward. 
Biagi*am (draw in) a pair of such forces in the picture and- be-siir e'^-iabel - 
each one fully. 




What term could be used to describe the forces ? 



5« What would happen to this basketball if some balanced forces were applied to it? 



■ 




Force 




7« What technical te«n •would he used to describe the forces \diich are acting ou: 
a parked automobile? . 

an automobile starting to move? 

8. What physical feature (characteristic) of people is determined by the force of gravity? 
Explain • ■ 



9 . Ascribe, in •words, what a pair of forces .must be like in order io be called 
balanced* 



10* Whai's effect do unbalanced forces have on resting objects? 



A«6 





11. A rock is lying still on a vagon. Indicate Aether each of the following is 
true or false by circling the proper letter. 

T F ®he wagon is pushing up on the rock. 

T F The rock is being acted upon by balanced forces. 

T F Thfe T*nn]f •!« "hpi-Jnrr. oo+naS 

— — ^’*A < **‘*i ^ MpX*Vfc V/J^J^V^lurjL .l.V>X • 

12. Draw a pair of unbalanced forces acting upon object A. 

Draw a pair of balanced forces acting i:®on object B. 

Be sure to label a3J. the forces conrpletely . 

A 



5 

13. Explain, in terns of forces, -^^at is meant by the sentence: "An object is held 

up by the surface of the table." 

— — ^ ... I ,J L 1 



l4. \tot would you do to find out the strength ’id.th which gravity acts on an object? 



15 . Describe this force fully. 



/ / ^ 
— — ^ ^ 



Iiisane 



Grade 



- test 



School 



■Tin— > 



£)ate 



Atonde Structoe of Matter 



1. What is the member of different physical states in ^ich matter is found? 



2, How would a scientist (^ysicist or chemist) define the tera "element?** 



3 - 

A. List each physical state in idiich elements imy be found » 




B. List each physical state In ^whi^'h aon-'*t‘le®ente 3 my be.fcmd* 




4» What is the approscioate number of different natural atoms? 



5^ Whan does a scientist (physicist) ixean by the term, **matter?’* 



7 * 



6. Wfjat does the atonde number teljL us about an element? 





Atomic Structure of Matter 



7 • Describe the difference between an element and a non-eleineat « 



8- About how many different elements are found in nature? 



9 . Write a sentence which describes how the make-up of all matter is alike. 



10. ^ectrons are found in all atoms. Xn a sentence^ describe what electrons do 
in aa atom. 



11. Identity each of the numbered parts in the following diagram of the helium atcan 
^^•ite the correct word on the numbered lines below. 




i. 



3. 



1. and 2., togebhex', form the 




Ai<mle S-kructee of Matioi? 



12. JVom Its atom shown in question 11^ is the atcmdc number of helium? 



13. Below are descriptions of the contents of three atomic nuclei. ^Ite in the 
atomic number of each one on the line provided. 



A. 


10 protons 
10 neutrons 


B. 


ikS neutrons 




92 protons 


C. 


6 neutrons 
5 protons 



l4. How is it possible to have thousands of different substances on earth when there 
are so few different kinds of atoms? 



1?. The circle inside each of these two substances shows the greatly enl<arged view 
from a very powerfia microscope. In -»diat my are the two substances alike? 



In what my are they different? 



16 • 




I51.0CK. 



OF 




|^2-OC»< 

OP 

5 R.ON 






Without describing the separate parts of the atom, \^at would you say in answer 
to the question: ItoiAt is an atom? 



17 • ^^hy is the number of natural atoms exactly the same as the number of naturcQ. elements ? 






A-10 




» Test 



IfEUDe 



(k'ade 



School 



Bate 



ELECTRICAL CBOTITS TEST 



A. Definitions 

Briefly define each of the foUowi^jigi 
1* Voltage 



2. Electrical resistance 






3» 3?^ee electrojiQ 






4. EL^bly cLa2*ged objects 






5* An open circuit 



6o A series circuit 



o 



i 



A parallel circuit 




M', 




An electrical insulator 










An electrical conductor 






. .1 




Short Ansirers 




Explain the stateioent: 


"Voltage and resistance work against each other.” 




• 


List the various effects 


that charged particles have on each other . 








What tvro things are necessary in order to get current flow from a battery? 







A-12 






Jv < 
> 6 . 



4 , 



la what direction does current flow from a battery? 



What two forces cause it to flow in that direction? 



I 



5 . What happens to current in a series circuit when: 



volta^'i xo iucreased? 



M 



resistance is increased? 



the circTiit is broken by 
the opening of a switch? 



6 » Why do resistances connected in series reduce * current flow more than resistances 
connected in parallel? 



7. What must a battery be like in order to create a high voltage? 



6. Complete this chart. (Fill in the five empty spaces.) 



Quantity 


Units in which the quantity 
is measured 


. 

Abbreviation of unit 


1 Voltage 


volts 




Current 


1 











A-13 




Whaii does an electric current consist of? 









. ^belling Circuit DiaKraius 

Tl 7— II BJI J1 ■ ■ I 

T •!•* ^ .i ^ ^ JL _ 

• o-i«>v«>ju UWU UJLJTUU.X U& • 




Label eaeh numbered part of this circuit by writing the correct word in the 
correfponcling blank. 




• % 





'ITl- 1 

IP • jcvuvxxsim 

Write in the correct type for each of these circuits on the blank line and 
csilculate the total current in each. Show all work in the boxes. 



1 . 



3fi la 

— I 




IbV 



circuit 



rCalcuiatioHS j 




in 




circuit 



I Calculationg [ 



‘:^*otal Current = 



3 . 



fc^cuiatioas t 



sst 




Total Current = 




tv 



circuit 



I Calculationsn 



Total Current = 












SlIP.A'rriMTf; PAP»PTr*T.‘n 5 « t pprinoAvr 
(sample frames) 



h 



Stable atom will become unstable If its 
JCI®JS is bombarded by A HIGH SPEED 

=as !p-mqvxng) particle . 



hlc^ speed particle 







•V can a stable atom be made unstable? 

HJ TTDIG IT*S mJCLSUS WITH A HIGH- 
EBD PARTICLE. 



ergjr can be converted into mass. When 
nucleus absorbs a hi^-speed particle^ 
converts the ener y of the particle 
to more MASS. 



less mass than B 



B. more mass than A 









® -J^0V 




V Vunstable 


stable j \ /] 




(\ /) atom 


atom 







en a fast moving proton is taken into 
2 nucleus; energy is converted into MASS . 
XQ, there would be mor#* m8.ss in part B. 



© — fcox 




Wt 

K '©/A ^stable 


stable (V y j 




( \ y ) 


atom 







6 



82. 

When a hi^-energy proton is taken into 
the nucleus of an atom, the atom wei^s 
more than the sum of its original mass 
and tlie mass of the proton. This is be- 
cause some of the pro ton *s energy is 
COKVERTED INTO MASS. 



83. 

When a fast moving subatomic particle is 
taken into a nucleus, mass is js g^ined be- 
cause SOME OF ITS ENERGY IS CONVERTED TO 
MASS . But, when a subatomic particle is 
emitted from a ni\cleus during radioactive 
decay, mass is lost because IT IS CONVERTED 
JmO ENERGY. ’ 



84. 

The conversion of mass into energy is 
shown in B. The conversion of energy 
into mass is shown in A. 




stable unstable ' 







4 




1 


decay 


1 


..... & 



85. 

In terms of mass and energy describe what 

happens in the e:'amples. 

1. An unstable atom emits subatomic par- 
ticles . MASS IS CONVERTED TO ENERGY . 

2. A stable atom absorbs a subatomic par- 

ticle into its nucleus. ENERGY IS 
CONVERTED TO MASS . S , 

3. A subatomic particle and its twin an- 
tiparticle come together. MASS IS 
CONVERTED TO ENERGY. 



Subjects were required to make constructed responses for all frames. The sample 
frames reproduced here are those which were presented to them as confirmation frames 
after they had made their own responses. Tho cox'rect constructed responses appear 
in capital letters. 

A-17 







p jijLmi 1 . 1 ^ I, ^1 1J.1. j 



% 



1 , 1 . 



i 

SUBATOMIC PAP.TICLES II PROGRAM 
(sample frames) 



17* 



Atomic nuclei are difficult to split apart 
because their protons and neutrons are held 
TOGETHER by the STRONG FORCE. 



Gravity acts on the particles in A and 
on the particles in B. But the strong 
force acts only on the particles in B. 



12 . 

Marne the particles in the atom which are 
affected by the strong force and describe 
how they are affected. PROTONS' Pm TOTRONS 
ARE HELD TOGETHER HI THE KUCIEUS. 



13. 

* 

Gravity is the weakest force in nature and 
the strong force is the STRONGEST force 
in, nature. 



14 . 



53ie force of gravity acts over millicns 
ot miles to hold the moon in a path 
around the Earth. The moon doesaH go 
flying into space because it is held by 
GRAVlTr, which is a LQNG"RA!?GE force. 



15 . 



The force of gravity acts over a LONG 
range. 




moon held by gravity 



The strong force, which is effective 
only within the tiny nucleus of an atom 
acts over a SHORT range. 






16. 



Two subatomic particles, one on the moon 
and one on the Earth, are pulled together 
(ver-y weakly) by the force of gravity, 
because it acts over a L0NG«R/.KG£ . They 
are not pulled together by the strong force 
because it acts over a SHQRT--RANGE. 




A 




18 . 

Gravity and the strong force differ in 
both strength and range. Gravity is a 
much WEAKER force, but it acts over a 

long(er) range . 



19. 



Write GRAVITY or STRONG FORCE beside 
each description. 



GRAVITY 
STRONG FORC E 

STRONG FORCE 
GRAVITY 



The force that acts weakly 
but over a long-range. 

The force that holds pro- 
tons and neutrons in the 
nucleus of each atom. 

force that acts strong- 
ly but over a short range. 
The force that holds a 
Disu-made satellite in orbit 
around the Earth. 



The differences between gravity and the 
strong force arej 

1. mVOT IS THE WEAKEST FORCE, STRC^G 
FORCE IS THE STRONGEST . 

2. GRAVITY ACTS OVER A LONG RANGE. STRONG 
FORCE OVER A SH(HT RANGE. 






LERIC 



A-i8 















Ti&ilBfi 













REIATIVITY PROGRAM 
(saa^ie frames) 






“I 



22. 

Relative tc the ground, the car's speed 
is 50 raph . Uie speed of tiie driver * s 
body, relative to the ground, is also 
50 nph. 




23. 

The speed of this driver's body, relative 
to the road, is c^h. Suppose we take 
the car as the frame of reference . Is the 
speed of his body the same relative to the 
car as it is relative to the grtjund? NO. 









a 



21 ^. 



^Sliis driver's body is moving at a speed — 
relative to the road — of 25 n^ih. But, 
iAe speed of his body — relative to the 
car — is 0 (ZERO) ui0). 






ZSmpk 




A -19 



25. 

Ihe speed of this man is 0 mph cr 4o nqph, 
depending upon the frame of reference used. 
There are 2 different frames of reference 
here: (l)”the CAR(RQAD), and (2) the 

ROAD(CAB) . 




26 . 



The speed of this man's body is "relative." 
In other words, it CHANGES from one 
OF REFERENCE to another. 




27. 

V?hen physicists say that the speed of 
objects is "relative, " they isean that 
IT VARIES IR(»1 OiE PRAI^ OF RBF^MCE 
TO A NOTHER . 





RISTiW’TVTW P»nr.»AM 

(sanqjle frames) 



1*<9. 

This man looked at the front of the trairi^ 
paused one minute, then looked at the backc 
The distance he found was not the length 
of the train. His measurement was wiong 
because he did not ohseirve both ends AT 
THE SAME TIME (SIMULTANEOUSLY) . 



— ^ — > 







5^ 



150. 



f 



^^hat mst an ©bserrsr do to accurately 
measure the length of an object? HE MUST 
OBSERVE BOTH EN TS SIMJLTA^OUSLY AHB FIND 
S^ISTANGE BETWEEN THEM. ^ 



152. 

These men will agree perfectly aixmt the 
length of the train so long as t3ie frame 
of reference IS THE SAME for botJi. 







153. 

Man 3 measures the train as being sh:>rter 
than 20 ft. Mhn A measures exactly 20 ft. 
Just as the men disagree about the timing 
of events, they al-o DISAGiiSE about the 
IMGTH of the train. 



1^1. 

Because observers in different frames of 
reference DISAGREE about simultaneity, 
they will DISAGECBE about the length c.f 
objects. 




15^0 

®ie reason that observers in different 
frames of reference disagree about, 
measuriiig length, or distance, is that 
they can*t agree on SSvflJLTANEro * When 
one observer says the ends were observed 
simultaneously, the other will say that 
TJfflEY NOT OBSERVED SIMOLTANEOUSIY 
CtHAT one end WAS OBSERVED BEFORE (AFTER) 



A 




test 



NAME 



GRADE 



SCHOOL 



DATE 



Elementary Particles I - Test 

1« Describe the two states In which subatomic particles may be found. 



2. Met the three sources of subatomic particles. 



3® Explain how t^^yslcists can study subatomic i^rticles even thou^ they can- 
not be seen even with a microscope. 



k, label the numbered parts of the atom. 




1 . 

2 . 

3- 

1. and 2., together, form the 
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5* What is the approximate number of subatomic particles (including anti- 
particles) vhich hav«s been found? » 



\-lhy Is it difficult to observe antiparicles here on Earth? 



7* T4hat is meant by radioactive decay? Describe the process. 



Q- What does the physicist mean by the term ‘'annihilation*'? Describe the 
process. 



9* list tw^o exaaiples in which n^ss is. converted to energy. 



10. Describe one process In which energy is converted to mass. 
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XXe UHft-K j[g art UHfi'bStljlS S'teS? 



o 



12. How can a stable '^tcm be nad^ t.mstable? 



t 



13 . Is it possible for c particle to meet an antiparticle without annihilation? 



Explain. 



l4. Explain the relationship between atoms and subajooiic particles. 



§ 



A-v23 










NAME 



test 



SCHOOL 



GRADE 

DATE 



Elementar'^ Particles II - Test 
Part I 

4HnHWMMBantMV 

1. List the four natural forces in order of th6ir relative strenKV tk. (Number 1 
would be the weakest^ number 4 strongest. } 

!• weakest 

2 . 

3. 

4. strongest 

2. (a) The twc short-range forces are; 



€md 

(b) The two long-range forces are; 



and 




3* Ac label the charge on each of the following: 

1. proton 0 1... anti-neutron (« 

2. neutron • 5'* anti-proton 

6. anti-electron^^ 



3. electron 

4, 8 hydrogen 

atom 



7« an uranium 
atom 
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3. B* Listed belov are three elenientary particles^ thier charges^ and their 
antiparticles « Conq;>lete the chart by filling in the charge on each 
antipcurticle . 



n 


SARTICIS 




AHTIPAmCLB 




1. 


union 


— 


anti-muon 




2 . 


>TN 

neutrino 




/sK 

anti-neutrino 






pion 


_±J. 


anti-pion 


i 



hm Besides having a different strength and r'ange> how else is the electro- 
magnetic force different from the strong force and the force of gra*^dty? 




test 



NAME 



SCHOOL 



GRADE 

DATE 



Elementary iferticles II - ^l^st 



Part II 



1. What pre tJie tvro rules which describe the charge-state, of anti-particles? 



5 ^ 



A. 



B. 



i 



2* Give one exao^le of an effect which is caused each of these forces* 
(an exasgole of something that each force does) 



A. Electromagnetic force - 



I 



B. Strong force - 



I 



C* Weak force - 



D* Gravity - 



3* Suorasrize briefly the attracting and repelling effects that charged par- 
ticles have on each other. 
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Date 



Test 



llaae 



School Grade 



reiativity test 

1. This wan is traveling toward the li|*t source at 100, OCX) miles/second. 
The li^t is trsiveling toward him at 186,000 miles/seconi. 

The measured sp<!ed of the light will be: 

A. According to Classical Physics, _ miles/second 

B. According to Relativity Theory, miles/second 

C. According to actual e:q)eriment, miles/second. 




2. E3q>lain what is meant by the statement "Time is relative." 



3» ^y would it be impossible to measure the speed of a ship fs*om inside the 
ship (with no access to, the oui^side)? 



4. What is a "frame of reference"? 



>• j W(» 



5« To what kinds of frames of reference does the fecial Theory of Relativity 
apply? 



6. Why is it that the effects predicted by the Theory of Relativity were not 
noticed nmch earlier; for example from everyday observation of moving 
objects? 



7» Under whait conditions would an observer, located an equal distance between 
two events, conclude that they were simultaneous? 



8. (a) Under what conditions will two observers agree on the simultaneity 

of events, and the length of objects? 



(B) Under what conditions will they disagree? 



(C) What detejinines the extent to which they disagree? That is, what 
must happen for their disagreement to be even greater? 



9» Under-’^iat conditions do we conclude that two observers are in the same 
frame of reference with respect to motion? 



A**28 


















10» Describe what an observer must do to accurately measure the length of 
moving object. 



Beu-v ,2- 




n 



D 



BOLT I 



le.OOO MUES/SEC^ 



V 




6 



Observer A, standing exactly in the middle of the train, concludes that 
the bolts of li^tning struck simultaneously. Observer B is standing on 
the ground directly across from A. How would B (on the ground) describe 
the timing of the bolts? 



Would A have come to the same conclusion about the timing of the 
thunder clap? Esqplain. 



If B had seen them strike simultaneously, how would A (on the train) 
describe the timing of the bolts? 



According to Einstein, which man is correct? Explain. 



o 

ERIC 
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Ihe spaceships are moving apart at 1CX)^000 mph. Both ships were measured 
as equally long when on Earthy and bO'Ui clocks were synchronized* A 
con^res his own clock with B's clock* What does he (A) observe about 
B's clock? 



What does A observe about tiie length of B*s ship? 



What does B observe about A's clock? 



What does B observe about the length of A*s ship? 



Fill in the words which correctly describe how the two theories differ 
with respect to each of the physical dimens i.ons* 



Dimensions 


Classical Physics 


^e ^cial Theory of • 
Relativity 


the speed of lic^t 






time 






distance (lengtli) 







List the two basic assunq>tions on which the Theory of Relativity is based* 

1 . 



2 * 





15 . 



c 



1a 



n — Tf 



^ t»0OO 





05 ic observer on the ground (b) finds the length of the car and coises up 
with a subtly shorter measurement from the man on the train. How would 
the man on the train (a) explain the fact that B*s measurement was too 
short? 
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SoBMurlea of iknalssoo at WkriABea of 
2Q> flosAL Bato (oa psrtlisimurx proeraBs) aod 
ELeetrlcal dreoits Sratott Seoraat Grade S 



• 






Noen 






Source 


P.F. 




? 

«■* 




Hode 


1 


.0$ 






Setiisg 


1 


3.0S 


• 




XQ 


1 


83370.77 


ko6,?S** 


IQ 


K X S 


1 


^77 


m 


M X Z 


1 


15.60 


m 




S X I 


1 


.05 


m 




K X 3 X ? 
tfithla l^lieetes 


1 


f • 

• i 

1 

1 


* 




iS>de 


1 


1^.58 




WQBEBAQ 


Bettiss 


1 


988.5^ 


i’W 


ZQ 


1 


17391. OE 


£7.59«* 


(Atoales ozifi 


X 3 


1 


w.89 


• 


S X Z 


1 


80 $.S 


1.26 


Ksree Bjrosrxse) 


S X Z 


1 


1113.89 


1.77 




K X 3 X S 
Within BepUeetee 

M 1^0 M wo • saw AM • w le 


1 

2^ 


708.T^ 

6Vi.kO 


1.12 




Mode 


ee 


te.55 






Setting 


1 


lfc,o5 


• 


HtSXSSS 


ZQ 


1 


1530.1^ 


?7^73«* 


SSCSaXCAL 


K.x 8 


1 


6.27 




CZRSTBB 


U xZ 


1 


^.00 


• 




8 X Z 


1 


.25 


• 




K X 3 X Z 


1 


1.25 


• 


_ j 


Within B^^lieatee 


iAB 


^3.20 





significant beyond t£se .01 lercl 



ML 



O 



f 



WbU 2-B 

aaanry Kean* 'vaA 8]0*s of 
Slxtb Orate 3A Scores 
(»-^J 







Lsrela of lOdepexideixt 






Sign. 

larel 






Varialdes 


Mean 


8 .B. 

11.69 




mm 


self-paced 


103.S6 






firsd-paoed 


108.23 


I2M 


H.8. 




aarow isolated 


108.35 


12.25 


B.8. 






£ivtq;> 


108.13 


12.08 










117.80 


7.78 


COl 






lev 


98.89 


7.17 



rr» 



Tbible 3 'B 

Means and 80 ’s of SistJi ffirade H(Sa RASBS 
(aeasured ly tlae to eoniate Atoaies and ]^ioree pro^ntas) 

(M-256) 




Levels of Xodepexident 






SiSlib 




TsrlablBs 


Mean 


8 .D. 


Level 




self-paced 


139.83 


25.51 


H.S. 




fiasd-paeed 


141.(9 


27.31 




aarenfo isolated 


138.56 


S 6 .Yf 


VsSs 




gro® 


lte.36 


26.56 




Vi 


htgjh 


132.22 


21.^ 


<. 03 . 




lOtf 


11 » 8.70 


28.02 





Uble 4-S 

Soaaary Means and 8D*s of 
Electrical Clreulte rBSQSS!P Scores: (brads 6 

(h « 250) 




Levels of Independent 








Sigae 




Variables 




Mean 


8.D. 


Lenrol 


NQUB 


self-paced 




*8.J»8 


6.99 


HsSe 




flxed-paced 




7.83 


6.97 




HffprmO Isolated 




7.82 


7.18 


E.S. 




group 




8.^ 


6.81 




Vi 


hie^ 


1 


10.58 


7.57 


<.OL 





lov 




5.53 


5.26 
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tCBible 5 -B 

MOUriFIS BEGBESSKffi AIMII8X8 



Criterion Variable: Tias to Cooplete Electrical Circuit* Prograa 

Sredictor Tarl&Mevt Total Pretest (on preliainary progn«B)| 

Work Bate, and BLe^leal Circuits Pretest 

(Based on Salf-?ae^, Isolated Si: Orate 6) 









mtercorrelatlons 
















Tine 




Electrical 












Electrical 


Total 


Work 


Circuits 












Circuits 


Pretest 


Bate 


Retest 








• 




h . 


X . 


X 3 


% 


SmSm 


a Ti 

Sajm ^ 


a 


Tiwi XleetrlGal 
Circuits 






.033 


.675 


-.301 


135.62 


26.CO 


55 ■ 


Total Pretest 


*2 






•.111 


.‘>24 


12.31 


10.38 


55 


Work Bate 






* 




-.368 


138.35 


26.62 


55 


EUctrleal 
Circuits Pretest 




' 








7.56 


6.36 


55 








ResrecBlon Analysis 
















5k 








. 




Total Pretest 




.191 


.033 


*oc 6 




1.234 


- . 48 $ 




W<irk Bate 




-635 


.675 


.429 




R 1.234 


- .697 




Electrical 
Circuits Retest 




-.168 


-c 301 


. 0$1 




0 1.234 


- 19.368 





• 






Table 6 -B 










KDIffIPZE BBGBESSliBi AKALI 3 I 8 








Criterion Variable: 


Errors Electrical Circuits 








Predictor Variables: 


IQ, Total Pesttast (on prellalnary progrus). 








• 


Woric Bate, and Sleetrical Circuits Pretest 










(Based on Self-Paced, Isolated Oiade 6 ) 










Intercorrelatlons 












Errors 




ELectrieal 










Electrical 


Total 


Work Circuits 










Circuits IQ 


Posttest 


Bate Pretest 
















Mean 


8 .D. H 


Errors Electrical 
Circuits 




-.691 


-.735 


..050 -.335 


120.89 


73.20 95 


la 






.707 


-.361 . .369 


108.38 


11.92 95 


Total Posttest 








-.162 .431 


U 4.66 

/ 


50.80 55 


Work Bate 








-.366 


138.35 


26.62 95 


Electrical 
Circuits Pretest 


"5 


* 






7.56 


6.36 55 






i 

Regression Analysis 








; • 




^Ik. 


5 k 


^Ik'lk 






IQ 




-.39? ' 


H 

• 

1 


.269 


4 












R*" 1.2349 •? .638 


Total Posttest 




-.458 


-.735 


.337 


R 1.2349 - .799 • 


Work Bate 


h 


-.306 


-.050 


.019 


a 1.2349 >• 49.725 


Electrical 
Circuits Pretest 


X5 


-.103 


- •’.335 


.035 
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MDIOIFIS BMtSRBSSZaS AKAIX 8 IS 

Criterion Yarloblet Slv^etrlcal Circuits Poattest 

Fredlotor YarlaibXest IQ and tDotol Postteat (oa prellninary progrsae) 

(Baeed on Self-Paced, Isolated Ss: Grade 6 } 
Intercorrelatlons 



Slactrical 
Circuits Po&tte^t 

IQ 

Total Fosttest 


*l 

^ . 


neetrlcal 

C:ircults 

Fosttest 


IQ 


Totel 

Fosttest 

^3 


Mean S.P» B 


% 


.726 


.781 

.707 


5^,66 25.65 55 

108.38 11.52 55 

Ul».66 50.80 55 






S:egre3slon Analysis 










<%k 




^lk*’lk 


R® 1.23 » .670 












B 1.23 « .819 


IQ 




, 3 h 7 


.726 


.251 


0 1.23 « 15.153 


Total Fosttest 


*3 


.536 


.781 


,Ul9 





tfoble 8-B 

mSHPlX PESRE8SI0R.AHALISI3 

Criterion Varieties Zleetrical Circuits Retention 

Predictor Varieties: IQ, Corrected Beading Speed, Tbcorrected Reading 

£!peed, !R>tal Pretest, Ibtal Posttest, ITotal 
Errora, and Work Bate 

(Eased on Self-Paced, Isolated Grade 6 ) 
IntegcogrelatAOns 



Electrical Ootto Thtoor* 

Circuits Reado Read. K)tal Total Total Work 

Retention Slpeed. Spoed Pretest Fosttest Bate 





*1 


H H 






% ^ 


*r 




Mean 


S.D. 


5 


Electrical 
Circuits Retention 




. 71 ^^ .i »65 


.515 


.639 


.677 


-.Jf 83 


-.080 


27.40 


19.52 


55 


IQ 




.708 


.7U8 


. 1^92 


.707 


-.5^ 


-.361 


108.38 


11.52 


55 


Corrected 
Reading: Speed 






.968 


.370 


.666 


-.H82 


-.382 


16.93 


6.45 


55 


libcorrected 
Reading ^ed 








.3^ 


.6^ 


-.1^81 


-.U28 


17.67 


6e04 


55 


Total Pretest 


*5 








.513 


-.382 


-.m 


12.31 


10.38 


55 


Total Fosttest 












-.738 


-,i6a 


U4.66 


50.80 


>55 


Total Errors 














-.014 


66.09 


48.83 


55 


Work Rate 




’ 


\ 










138.35 


26.62 


55 



degression Aialysis 



• 




^Ik 


!3i 


^lk** 3 k 








IQ 




.467 


.714 


.333 








Conrected 
Reading Sp^ 
Wacoxrected 
Reading Sposd 


*3 


• -.646 
.569 


.465 

.515 


-.300 

.293 


ttf t 0 
to 


1.2345678 - 
1.2345678 a 


.698 

.835 


Total Pretest 




.308 


.639 


.197 


0 


1.2345878 « 


11.606 


Total Posttest 


*6 


.368 


.677 


.249 








Total Errors 




.125 


-.483 


-.060 








Work Bate 


% 


.181 


-.08g 


-.014 • 











T&blfi 9~B 

mirnizvimcBmos AMosiB 

Criterion Variable: !Kjae to Ooc^lete HLeetrlcal Circuits Progres 

Predictor VarlBbles: Corrected Reading Speed, tbccrrected P.^d^ ^eed. 

Work Rate, and Electrical Ctrcaits Fittest 

(Based on Self •Raced, ‘Qrotqped Ss: Grade 6) 







lutereorrelatlons 














fine Corrected Uhcorrected 


Eleotrical 










Eleetrical Reading Reading 


Work 


Circuits 










Circuits Speed Speed 


Ka+'f 


Pretest 






• 




b b: 






Mean 


S.D. s 


'Sixos Eleetrlcal 
Circuits 


*1 


-.263 -•SSS 


.588 


.012 


lkh.l 6 


20.59 75 


Corrected 
Reading Speed 




•96U 


-.393 


.465 


18.30 


6.24 74 


Ibuorrected 
Reading Speed 


*3 




-.346 


.434 


18.72 


5.97 74 


Work Rate 








*a«;,VX 


I 4 l.l 4 


25.03 64 


Electrical 
Circuits Pretest 


*5 








9.07 


7.14 74 






Regression Analysis 














^Ik ^Ik 


^Ik'lk 








Corrected 
. Reading SP«ed 




,521 -.263 


-.137 




R^ 1.2345 ■ .3^ 


Uncorrected 
Reading Sp«ed 




-.645 -, 28 s 


.182 




H 1.2345 .632 

0 1.2345 » 16.623 


Work Rate 




.598 .588 


.352 








Electrical 
Circuits Pretest 




.158 .012 


.002 
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KUIZE'XFIE REGRESSION AKALISIS 








Criterion Variable: Errors Electrical Circuits 








Predictor Variables: XQ, Total Errors, Work Bate, and Electrical 








Circuits Pi'etsst 












(Based on Self -Raced, Grouped [bx 


Grade 6 ) 










latercozrelations 








• 






Errors 




Electrical 










Electrical Total 


Work 


Circuits 










Circuits IQ Errors 


Bate 


Pretest 












A. 




Mean 


8.D. H 


Errors Electrical » 
Circuits ^ 


-.567 .717 


.104 


-.428 


100.31 


66.96 75 


Ift 


h 


-.378 


..267 


. .420 


108.73 


IX.69 75 


!COt£il Brrors 


b 


-.173 


-.3crr 


53.78 


37.73 67 


Work Rate 


\ 

b 






-.181 


I 4 l.l 4 


25.03 64 


Electrical 
Circuits Pretest 








9.07 


7.14 74 






• Regression Analysis 
flk ^ 


^Ik^lk 




' 




IQ 




-.259 -.567 


.147 




0 












R^ 1.2345 - .641 


!Dotal Errors 




.605 >717 


.434 




R 1.2345 ■ .801 


Work Rate 


% 

Xr- 


.119 .104 


.012 




a 1.2345 « 41.795 


Electrical 
Circuits Pretest 


-.111 -.428 


.C 48 








Jl- 



FRir 
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3 SSUTIF.TS RECamiGS Al&UiXSIS 

Criterioa Variable: Blecwical Girculto Postteit 

^Fredlctar Variables: Corrected Reading Speedjt Total Poattest, 

!ty}tal Errors, and Work Rate 

(Baaed on Self-Paced, ibrottped 8 e: QTade 6 ) 









Intercorrelations 














Electrical Corrected 




























Posttes 


t Speed Postteat 


Errors 


Tim 
















Ji. 


Mean 


S.D. E 


Electrical 
Clrcuita Postteftt 






. 6^5 'Sid 


-397 


-333 


55.19 


28.27 75 


Corrected 
Reading Speed 






. 63 ^^ 


-.319 


-393 


18.30 


6.24 74 


Total l?ostte 8 t 








-.406 


-.217 


U 6.01 


48.81 .68 


Total Errors 










-173 


53.78 


37.73 87 


Total Tina 


*5 










l 4 l.l 4 


25.03 64 








Re^eseion Aaal^is 


















^Ik^lk 






• 


Corrected 
Reading Speed 






.150 .655 


.098 




R® 1.2345 - .722 


Total Posttest 


*3 




.643 .818 


.526 




R 1.2345 - .850 


Total Errors 






-.116 -, 39 l 






0 1.2345 » 15.527 


Total Time 






-«155 -333 


.052 
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Criterion Variable: Elsctrical Circuits Retention 








Predictor Variables: To-fcal Pretest, Total Poetteat, Total Errors 










Electrical Circuits Pretest 












(Baaed ?n Self-Paced, (Grouped Ss: 


Crade 6 ) 












Intercorrelations 














Electrical 




Electrical 










Circuits Total Total 


Total 


Circuits 










]Setention Pretest Posttest 


Errors 


Pretest 


















Mean 


S.D. 5 


Electrical .. 

Circuits Retention *1 




.567 ^723 


-.440 


.595 


3198 


21.67 75 


Total S*rste?t 






Mh 


-.290 


.640 


15.07 


13.08 74 


Total Fosttest 








-,4o6 


.557 


UB .02 


1 : 8.81 68 


Total Errors 










-307 


53.78 


37.73 67 


Electrical 
Circuits Pretest 






i 






9.07 


7.14 








Regression Analysis 
















gib. ^Ik 


^Ib^lk 








Total Pretest 






.237 .567 


.134 




0 








.362 




R 1.2345 « .628 


Total Posttest 






.501 .723 




R 1.2345 - .792 


Total Errors 


% 




...130 -.440 


.057 




0 1.2345 - 13.771 


Electrical 
Circuits Pretest 






.125 .595 


.074 
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I 

B 



I 



I 



I 

I 







!Tal>le 13-B 



SOBSBnriea of Analyala of Verlaace of 
B), Work Bate (on preliminary prograas) and 
Relatlvl-t^ Pretest Scores: Grade 12 

(H « 176) 



Mean 





Source 


D.F. 


Squares 


P 




Mode 


1 


.77 






Setting 


1 


.22 


•» 




IQ 


1 


18063.07 


513.i4<» 


IQ 


M X S 


1 


4.06 






M X I 


1 


2.94 






S X I 


1 


.24 


- 




H X S X I 


1 


17.21 


• 




VflIMn Replicates 


168 


35.20 






Ifode 


1 


83.19 




WORK ms 


Setting 


1 


33.71 


- 


IQ 


. 1 


9765.47 


57 . 63 »« 


(Particles I 


H X 3 


1 


535.50 


3.16 


M.X I 


1 


.06 




and H Programs) 


3 X X 


1 


13 . 9 ^ 


•• 




M X 3 X I 


1 


692.06 


4 .o 8 » 


• 


Within Repllqjtes 


168 


169.46 






Mode 


^1 


250.57 


3.66 




Setting 


1 


.36 


. 


iBsiEsr 

REWTIVm 


IQ. 

M X 3 
M X I 


1 

1 

1 


927.36 

61.46 

71.27 


13.5*^** 

1.04 




3 X I 


1 


24.75 


m 




M X 3 X I 


1 


127.84 


. 1.87 




Within Replicates 


168 


a .49 



significant 1)eyond the .Q? level 
significant heyond the .01 level 
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14-B 



SuiitaBry tfoemc and SD's of 
^Velftti Grade IQ Scores 
tn m V.'ITl 



B-8 



,er!c, 





Levels of independent 






Sign. 




VarlatloB 


Mean 


S.D. 


Level 


Mons 


self-paced . 


112.23 


11.56 


ii;8. 




fixed-paced 


112.10 


11.93 




SglTUiU Isolated 


U2.lb 


11.55 


R.S. 




grotqp 


112.19 


11.9>» 




IQ 


hiedi 


122.30 


5.08 


<.01 




low 


102.03 


6.51 








a 

liable 15 -B 








SusBoary Means and SD's of !^elfth Grade WORK BASES 






(aeasured Ijy time to 


complete Bartlcles I and H Programs) 






■ 


( N - 176 ) 








Levels of Independent 






Sign. 




V&rlables 


tfean 


8 .D. 


Lsvel 


MODE 


self-paced 


9*^•39 


15.63 


NeSe 


, 


fi:ced-pac«d 


93.01 


Ilf .49 




SBITIHB isolated 


93.26 


13.1^5 


R.So 




grovp 




16.55 




IQ 




86.29 


12.13 


4.01 




ICf 


101.15 


13.99 




' 




Sable 16-B 


• 






Suomary Means and SD's of 








Eelativlty 'PRSTBKP Scores: Grade 12 










i 

1 

1 








Levels of Independent 


* 




Sign. 




Variables 


Itean 


S.D. 


Level 


mss 


self-pacf.d 


9.50 


7.31 


R.S. 




flxed-paced 


11.89 


9.63 




ssmuM 


Isolated 


lo.ri 


7.69 


B.S. 




groi9 


10.65 


9.1^9 




IQ 




12.99 


9.86 


4.01 




low 


6.4o 


6.1f2 





I 

■I 









Halile 17-B 

MJMIPLS RB®ESSI01f AHALTSIS 

Criteriou Variable; Time to CciE5»lete Helot Ivlly Program 
Pre^ctor Variables; IQ, Corrected Readlftg Speed, Ur corrected Re".dlng 

Speed, TotaJ. Posotest Score (on preliminary • 
programs), and Work Rate 

(Based on Self-pacevl, ‘isolated Ss; Grade 12) 



Intercorrelatlons 







Time 


Corrected 


Uncorrected 
















Reading 


Reading 


Total 


Work 












Relativity 


IQ Speed 


Speed 


Posttest 


Rate 








• 












A 


Mean 


S.D. 


5 

52 


Time Relativity 




-’.438 -.625 


-.635 


-.436 


.633 


86.31 


18.83 


IQ 

Corrected 






.426 


.396 


.654 


-.571 


111.17 


11.43 


52 


Reading ^ed 
Uncorrected 








•99'/ 


.318 


-.702 


39.44 


10.49 


52 


Reading Speed 








.303 


-.693 


39-n 


10.57 


52 


Total Fostte'st 












-.442 


177.33 


23.63 


52 


Work Rate 














91.23 


14.60 


52 



IQ 

Corrected 
Reading ^ed 
Uucoxrrected 
Heading ^ed 

Total Posttest 
Work Rate 








^Ik 


^Ik^'lk 


-.236 


-.483 


.114 


3.713 


-.625 


-2.321 


-4.029 


-.635 


2.558 


-.131 


-.436 


.057 


.254 


.633 


.161 


!feble 18-B 



Ti l.Z3h36 - .570 

R 1.23456 » .755 

0 1.23456 » 13.122 



VffinUPIE REGRESSION ANAUSIS 
Criterion Variable; Errors Relativity Program 

Txauxes; iQ, Total Posttest, Total Errors (on preliminary 
programs), and Work Rate 







(Based on Self-Paced, Isolated Ss: 


Grade 12) 










Inter correlation s 














Errors 


Total 


Total 


Work 










Relatlvily IQ 


Posttest 


Errors 


Bate 










h h 








Mean 


S.D. N 


Errors Relatlvl-^ 


A 


-.668 


. 

-.632 


.559 


.505 


60.62 


32.47 52 








.654 


-.518 


-.571 


111.17 


U.43 52 


Total Posttest 








-.712 


-.442 


177.33 


23.63 52 


Total Errors 










.405 


17.81 


19.36 52 


Work Rate 












91.23 


l4.6o 52 






Regression Analysis 
















flk 


^Ik^lk 








IQ 




-.364 


-.668 


.243 




p 
















W 1.2345 


- .540 


Total Posttest 




-.223 


-.632 


.l4l 




S 1.2345 


' .735 


Total Errors 




.15'^ 


.55^ 


.088 




0 1.2345 


- 23.168 


Work Rate 




.135 


.505 


.068 









> 






% 



B-9 



O 




^ble 19-B 

KlJia!IP]U5 B2SCBSSI0B AMIY8IS 

Criterion Variable: Relativity Poatteat 

Predictor Variables: TQ, Total Pretest, Total Poottest, tfotal 

Errort, and Work Hate 

iBaaed on Self-Paced, Isolated Ss: Grade 12) 









Bitercorrelations 












T3 Ia o4>4> A o4> 




ikWCSA 


A V vtva 


^ V V- 








Relativity IQ 

h ^ 


Pretest 

"3 


Posttest 


Errors 


liate 

A. 


Iteaa 


S.D. H 


Posttest 

Relativity 




.730 


.417 


.676 


-.386 


-.537 


76.77 


18.96 52 


IQ 






.581 


.654 


-.518 


-.571 


111.17 


11.43 52 


Total Rretest 


"3 






.595 


-.519 


-.489 


39.19 


16.25 52 


Total Postteet 










-.712 


-.442 


177.33 


23.63 52 


Total Errors 












.405 


17.01 


19.36 52 


Work Hate 














91.23 


14.60 52 








Regression Analysis 












fek 


^Ik 




ftjc^lk 








IQ 




.U78 


.730 




.349 








Total Pretest 


"3 


-.15c 


.417 




-.063 




R® 1.23456 - .664 


Total Posttest 




.546 


.676 




•369 




R 1.23456 - .815 


Total EKfors 


"5 


.252 


-.366 




-.057 




a 1.23456 3 11.698 


Work Rate 


% 


-.199 


-.537 




.107 















(Table 20-3 














HDXTIPIE REGSRESSIOR AKAIl^lS 












Criterion Variable: 
Predictor Variables: 


Relativity Retention 

IQ, Ibtal Posttest, Toted Errors 












erased on Self-Paced, isolated Ss: Grade 12) 












Intercorrelations 














Retention 
Relativity IQ 

X, Xg 


Total 

Posttest 


Total 

Errors 


^tean 


S.D. 


K 


Retention 

Relativity 




.708 


.585 


-.377 


61.65 


21.81 


52 


IQ 






.654 


-.518 


111.17 


11.43 


52 


(Dotal Poa-otest 






i 




177.33 


23.63 


52 


Ibtal Errors 










17.81 


19.36 


52 






' Regression Analysis 














Ik 


flk 


Ik’^lk 








T/> 


h 


.582 


.708 


.412 


R" 1.234 


- .537 




(Dotal Posttest 


X3 


.304 


.585 


.178 


R 1.234 

a 1.234 


= .734 

- 15.452 




(Dotal Errors 


I4 


.l4l 


-.377 


-.053 











mble 21-B 

HUIinPIE REGRESSION ANALISIS 

Criterion Variable: Tine to Coni>lete Relativi'ty Pregr*.^ 

IQ, Corrected Reading Speed, Uncorrected Reading 



Predictor Variables: 



Speed, Total Postt^^t, Total Errora, and Worff Rate 











k* w** VAWIAJ 

Intercorrelations 


















Corrected Uncorrected 












Tims 




Reading Reading 


Total Total Work 












Relativity IQ 


Sneed Speed 


Fosttest Errors Rate 
















h. . \ 


% =% =4 


Mean 




N 


Time Relativity 






-.553 


“.362 ^.353 


-.275 Ml .805 


9*^-33 


16.2k 


51 


IQ 








.520 .520 


.66k -.687 -.53k 


112. ki 


10 72 


51 


Corrected 
Reading Speed 
Uncorrected 


% 






.999 


•335 -.k27 -.kRS 

.335 -.k23 -.k27 


37.20 

37.38 


9.k2 


50 


Reading Speed 








9.30 


50 


Total Posttest 


*5 








-.737 -3k0 


176.32 


25.01 . 


k7 


Total Errors 


o 








.k02 


19.55 


22.21 


k7 


Work Rate 


h.. 










95.86 


15.32 


51 










Regression Analysis 
















Plk 


^Ik 


^lk*’lk 








.IQ 






-.227 


-.553 


.126 








Corrected 
Reading Speed 


H 




-2.5rf 


-.362 


•933 p 


= .729 

» .85k 




Uncorrected 
Pteading Speed 


\ 




2.653 


-.353 


R 

-.937 j 


1.23^507 

1.23k567 




Total Posttest 


h 




.275 


-.275 


-.076 a 


1.23k56? 


- 9.058 




Total Errors 


H 




.251 


.k67 


.117 








Work Rate 






•705 


.805 


.568 
















^ Table 22-B 


















MULTIPIE REGRESSION AKALISIS 




. 






Criterion Variable: Errors Relativity 










Predictor Variables: uorrected Reading Speed, Uncorrected Reading 














Speed, Total Fosttest, Total Errors, emd Work Rate 












(Based on Self -Paced, Grouped Ss: Grade 12) 
















Intercorrelatlons 


















Corrected Uncorrected 












Errors 




Reading Reading 


Total • Total Work 












Relativity IQ 


Speed Spsed 


Posttest Errors Rate 
















Xj Xj^ 




Mean 


S.D. 


H 


Errors Relativity 




-•703 


-.h 69 -,k75 


-.788 .779 .255 


k5.51 


3 '».c 6 


51 


IQ 








.520 .520 


.66k -.687 -.53k 


112.kl . 


lo.r^ 


51 


Corrected 
Reading Speed 


h 






.999 


.335 -.k27 -.k28 


37.20 


9.k2 


50 


Uncorrected 
Reading Speed 


\ 








.335 -.k23 -.k27 


37.38 


9.30 


^0 


Total Posttest 


h 








-.737 -3k0 


176.32 


25.01 


k7 


Total Errors 


% 








.k02 


19.55 


22.21 


k7 


Work Rate 


.h. 










95.86 


15.32 


51 








^ Regression Anaiysi*, 


^lk*iJc 








IQ 


h. 




-.21k 


-.703 


.150 








Corrected 
Reading Speed 


H 




2.970 


-.k69 


'1.393 R^ 


1.23k567 


- .789 




Uncorrected 
Reading Sjieed 


\ 




-3.13L 


-k75 


l.k87 ® 

a 


1.23k567 

l.23k567 


- .388 

- 16,763 




Total Posttest 


h 




-.387 


-,788 


.305 




Total Errors ^ 






-37^t 


.779 


^291 








Work Pate 


^7 




-.206 


.255 


'.053 






' 



B-n 



iJtebXa 23 rB 

mmzpis BBSKsasms Astiumia 
Criterion Vuriable: Relatlvl^ Fo attest 

Predictor Varlablea: Correcrt^ Seadiag ^cd. ^ccrrrcted Keading Speed, 

!fetal B?stts»t, l^^ors, aM Relstl^ty Preteat 







(Based on Sal2’-Paes!d, 


(frosted drsde 12) 








Intorcorrelatlooia 
Corrected Vlieorrocted 

Post test Reading Reading Sotal Total Pretest 

Relativity Speed Speed Posttist Enrors Relativity 

h. ^ h h ^ ^ 


Mesa 


5.D. H 


P 08 tter-t Rel6.tivity 31^ 


.h79 


.483 


.802 -.808 .111 


77.14 


19.C5 51 


Corrected 
Reading Speed 






.999 


*335 -.427 -.1^5 


37.20 


9.42 50 


Uncorrected 
Reading >sed 

!Ibtal Posttest 
Total Brrors 
Pretest Relativity 


^5 








‘335 -.423 

-.737 .005 

-.103 


37.38 9.30 50 

176.32 25.01 47 

lp.55 22.11 47 

9.-74 7.26 50 


Corrected 
Reading Stpeed 




Regression .Analysis 

-2.387 .i ^79 






Uncorreeted 
Reading Speed 




2.568 


.483 


1-S4C 


i.23456 


« .791 


Total Ivsttest 




M3 


.802 


•355 


R 1 . 23456 


« ,b$o 


Total Erroia 




-.405 


-.80S 


.327 


a lA'3456 


*» 9.230 


r retest Relativity 


% 


.107 


.111 


.012 







!^bie 22^-B 



IJDLTIPIS RESiSSSIOH AHAH 3 IB 

Avwrf-csvJL - jF r*c 

Predictor VaJfisbles: Total ^'oxs, end Work Rate 

(Baaed on Self-Paced, Chrou^ed Sa; Grads 12 ) 






Intercor" '•^latlona 














Retention 




Total Work 












Htiatlvity 


IQ 


Errors Rate 












X 




23 Sj, 


Ifean 


8,1). 


H 


Retention Relativity 




.529 


--554 -.115 


60.78 


20.64 


51 


IQ 








-.885 -.534 


112.41 


10.72 


51 


Total ETrorat 


•S 






.384 


18.02 


21.96 


51 


Uork Rate 










95-86 


15.32 


51 




; V 9* V 'wa»a 






!•*»•«*>■« M M **■> W M «T M ■»» «v *«•» ■» 


t 


•»«SMa<SS 








R£g 2 »e 83 lon Analyais 














^Ik 


** 

*Hc 










IQ 




.405 


.529 * 


.214 


R® 1.234 


» .392 




Ibtal Error® 


^3 


-orw 


-.554 


.205 


n i.»cy* 


- .626 














a 1.234 


11 

» 




Work Rate 


\ 


.243 


-.115 


-.(^8 









B-12 





V 




CODE FOR rDENTmiNG VAKIABLSS 
IN CCRREIATICmL I-SATRICES APPEARING 
m TABLES 25-B AND 26-B 



I® IQ 

2. Corrected Reading Speed 
3® Uncorrected Reading Speed 
h. R:etest Score on first preliminary program 
5® Pretest Score on second preliminary program 
6. Sum of (h) and (5): Total Pretest 

7® Pcsttest Score on first preliminary program 
8. Posttest Score on second preliminary program 
9® Sum of (7) and (8): Ttotal Posttest 

10. Number of Errors committed on first preliminary program 

11. Number of Errors committed on second preliminary program 

12. Sum of (lO) and (ll): Total Errors 

13® Time to complete first preliminary program 

1^® Time to complete second preliminary program 

15 ® Sum of ( 13 ) and (iV): Work Rate 

1^® Pretest Score on experimental program 

17 ® Posttest Score on experimental program 

18 . Number of Errors committed on experimental program 

19 ® Time to complete experimental program 

20. Retention Test Score on experimental program 

B -13 
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